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MYCOLOGIA 


OFFICIAL ORGAN OF THE MYCOLOGICAL SOCTI 


VoL. XLV JANUARY FEBRUARY, 


THE PURE CULTURE IN TAXONOMY ' 


In 1881] Lankester, commenting on the announcement of Koch 
at the Internationa! Medical Congress in London that year, of his 
use of the gelatin plate for culturing bacteria, made the following 


Statement 


“It as only by such monosporous cultivations that we can arrive at 


solid conclusions in reference to the forms and activities of the 
hacteria, e.g. as to whether one form can give rise to progeny of 
another form when its food and conditions of growth are changed, 
and again, as to whether special fermentative powers can be lost 
or acquired in the course of generations derived from one parent 
germ, but subjected to different conditions as to food, temperature 
and oxygen.’ 


While this statement was concerned with the bacteria its implica 
tions in respect to fungi are obvious 


Krom the standpoint of techniques, Koch's use of gelatin culture 


was the turning point in laboratory practice in both bacteriology and 


mycology. It is true that pure cultures:nad been obtained earlier 


by dilution methods as devised by Pasteur and Lister hese 
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methods were cumbersome and laborious and the rekults therefron 


were uncertain When the investigator could combine the dilution 


series with subsequent growth on a solid medium, jwith the single 


cells fixed in space on the surface, his results were clear and he 
could proceed to further experimen. with confidence 

Culturing of micro-organisms, fungi and bacterii was not new 
Mycologists like Brefeld and DeBary had cultured their fungi many 
years before, but they worked largely in the same manner as a 
vardener, growing thetr organisms in spite of | contaminatior 
Pasteur and Lister were using solid media—sudh materials as 
potato plugs that were opaque and not amenable to the critical 
examination made possible by the transparent background of the 
gelatin film. 

Soon Frau Hesse, working in Koch's laboratory, announced the 
use of agar-agar as the base for culture-media and the foundations 
for modern culture techniques were laid. From then on, this tool 
was available and the work of adapting it to its many modern uses 
and keeping it sharp for critical study has been the labor of mycolo 
gists, bacteriologists and biochemists. It is my purpose to examine 
the record of the seventy years that have passed and discuss some 
of the advances made possible by the use of this tool. How far 
have Lankester’s predictions been confirmed ¢ 

His “solid conclusions” were to be found in reference to the 
“forms” of the organisms and to the “activities” of them. In other 
words, how far have we advanced in our knowledge of morphology 
of the fungi and with it of the taxonomy that is based on such 
morphology and what advances have been made in our knowledge 
of fungous physiology 7’ Let us examine these two fields separately, 
discussing the latter first 

In the field of phystology there have been tremendous advances, 
particularly in regard to the substrate, and from that in regard to 
the nutritional needs of many fungi. We might divide our dis 


cussion into three parts: mineral nutrition, vitamins and 


By means of the pure culture the effects of minerals, vitamins, 


antibiotics 


sugars and proteins on the growth and sporulation of fungi have 


heen extensively and intensely studied Steinberg, for example, 


has shown that amounts of particular mineral elements tar below 


the level measurable by the ordinary chemical balance affect. the 





vrowth rate, coloration and sporulation of fungi to a degre 
ol onizable by cross e > lecie’ sedleniall 
is readily recognizable by gross examination imilar stud 
the vitamin requirements of fungi in culture have been 


strated by Robbins and Lilly and their associates 


hand Raper and Whitfen have demonstrated the extreme variabil 


ity present in pure cultures when single spore isolates from a single 
colony of a fungus were plated and the progeny grown to maturity 
virulence rather than morpho 


Phytophtho 


\ somewhat similar variation, im 


logic characteristics, was encountered when strains of 
nfestans from potato and tomato were grown from single zoospores 
compared with regard to their pathogenicity 

Ma 


] multiplied indefinitely 


eli 


and the progeny 


examples of this kind might 
transiers, in contrast, tend to maintain a uniform ty pe ot colony 

P + ¢ -gae 1 ] ] ley? ] 
Such reactions are most readily explained by postulating a wc 


variability in the genetic composition of the mycelial nuclei in any 


particular colony of the fungus. In these studies the uniformity of 
substratum on which the progeny was grown was unquestionab! 
accepted in the first case or, in the case of pathogenicity studi 


1 as tomato plants 


distinctions, such plants, were cleat 


and potato 
detined llowever, when fungi are isolated and studied in dy 
ferent laboratories or even at different times in the me labora 


this vaniability might well account 
r the selectivity o 


tory, for multiplicity of spect 
rom either single spore culture f the mediu 
‘dl for a particular study 


(granted that great geneti 


thalli, if we accept the madequact 
] ] ] ; 
measure Inological quantities of rea 


, } 
commercial 


purity in most of the 


chemicals as well is chemical 


ware, should 


hormonal 


SPCC 


1 
ClOnNGS 





Mycorocia, Vor. 45, 1953 


the investigator is forced to use natural substrata, cooked stems, 
leaves or other plant or animal parts for the growth of his fungi 
It might be argued that these natural substrata, if composed of 


similar parts of similar plants, for example, are more biologically 


constant than two samples of any synthetic medium. Whether this 


be the case or not, such natural substrata have been found in prac 
tice to be the most available means of meeting the needs of the 
investigator who required an abundant supply of spores or an 
ascus stage to carry out his study. In their studies on /usarium, 
\ppel and Wollenweber recommended cooked stems for the pro 
duction of their “normal” conidia, to name one of the earlier in 
stances of a swing from synthetic to natural media. 

rom pure culture studies we have a great mass of information 
concerning the nutritional needs of individual species \s yet no 
general pattern of behavior is apparent either in respect to physical 
and chemical responses to environment, or to taxonomic units 
Such a situation is probably to be expected with a group as large 
and diverse as the fungi, yet we are continually trying to find some 
further orderliness in our taxonomic structure 

Pure cultures have provided an expanding field of research in 
relation to the production of antibiotics by fungi but with the 
excellent synopsis by Raper last vear, this phase needs no discus 
sion at this time 

Vaxonomically the pure culture has provided the basis for great 
advances. OF primary importance was the connecting of different 
stages in the cycles of the fungi, making it possible to demonstrate 
on an experimental basis the connections that had been postulated 
previously from association and sequence of appearance so ably 
observed by the Tulasne brothers. With the pure culture came 
the knowledge of heterothallism, that needs only mention, since it 
has been ably discussed so recently by Whitehouse. In plant 
pathology it led to Koch’s postulates and to a clearer understanding 
of parasitism; with the latter came a re-evaluation of the taxonomy 
of the Imperfecti. Cross-inoculations have shown that many spe 
cies that were earlier set up on a host basis are not confined to a 
narrow range of host plants; much synonymy has resulted. This 


situation unfortunately does not simplify the problem, for many of 
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the species have common hosts and inoculation trials need be car 
ried out to separate the species involved 

rom the poimt of view of taxonomy the use of pure cultures has 
viven rise to two schools of thought. While I am not sufficiently 
optimistic to think that anything I may say will bring in an unam 
mous opinion reconciling these points of view, | wish to examine 
them somewhat critically as a means of clarifying our thinking. On 
the one hand we tind those investigators who emphasize the fungus 
and look for a medium for culturing it that will give optimum con 
ditions for its growth and sporulation. Such a medium = undet 
proper temperature, moisture, or other environmental conditions 
should supply the necessary vitamins, minerals, proteins and carbo 
hydrates for completion of the cycle in culture. No universal 
single medium) would serve since we know that the requirements 
of a given species differ markedly from those of many other species, 
and also vary with the age of the culture, the length of time the 
fungus has been separated from its natural substrata, and the degree 
of specialization toward its substrata that the fungus has acquired 
Phe gamut of conditions is almost infinite, and the crux of the 
problem still lies within the judgment of the investigator to deter 
mine the evasive ideal of what is optimum, or what is normal. The 
difficulties of making such a judgment have led to the opposing 
idea: the selection of a single medium on which the growth of the 
fungi under investigation would be compared and their responses 
noted. Here the selection of the proper medium becomes para 
mount. Certain workers have advocated a purely synthetic me 
dium such as Czapek’s or a modification of it. Unfortunately such 
media are detinitely limited in their usefulness when the range of 
cultivable fungt is taken into account Phe saprobi molds can be 
treated in this manner very successfully but the facultative parasites, 
many of which are serious plant pathogens, do not lend themselves 
to such treatment, principally because many of them are unable to 
synthesize the growth substances necessary for fruition or for 
erowth itself. Further criticism of such a procedure might be 


raised: that in the light of Steinberg’s findines, we do not have the 


implementation necessary to msure sufficiently accurate measure 


ments of ingredients to be contident that any two batches of medium 


ire biologically identical The sensitivity of the fungus IS SO vreat 
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validity of any comparisons based upon a single 


medium \nother difficulty in the use of synthetic media arises 


from the fact that many of the fungi, particular] 


acervulate 
sporodochial forms, seemingly need a particular substrate structure 
for the formation of such fruits. The sporodochial structure fre 
quently is difficult to demonstrate on agar cultures 
laced with the above dilemma, the investigator will still tind it 
necessary to accept the situation and govern his procedures by the 
volved. The pure culture has proved a potent tool but 
still must be mastered as s much concerning 
the physiology and genetics of fungi and has been extremely usetul 
in studies of parasitism and the variability of fungi laxonomi 
cally it still must be used with care, particularly in regard to the 
Fungi Imperfecti, a group whose taxonomy was so strikingly cor 
mented upon by the late Dr. J. J. Davis, whom many of oun 


members, | am sure, will remember llis coniment was: 


‘You will tind a fungus and determine its characteristics You 
turn to the books and decide on its genus. Then you look for the 
species \nd you look, and vou look, and after a while you find 


it 


' Tn another genus!” 
DEPARTMENT OF BOTANY, 
Iowa STATE COLLEGE, 


Ames, Iowa 





COPROGEN, A NEW GROWTH FACTOR 
PRESENT IN DUNG, REQUIRED BY 
PILOBOLUS SPECIES 


Ro Written Ck M ARGARE1 
B. L. Hut ( H. WiItttam 


(WITH 


There are very few references in the literature (1, 2, 3, 4, 5, 7, 


8,9, 12) dealing with the cultivation in pure culture of species of 


Pilobolus. (in these reported cases of pure culture, a dung deco 
tion has always been a necessary constituent of the media used for 
growth This fact seemed rather remarkable considering the ex 
tensive literature on the morphology, light relationships, spore dis 
charge, etc. of this genus It seemed of interest to secure an tsolate 
of one of these species of Pilobolus and to determine its growth 
requirements. Ii an unknown growth factor were present, it would 
be of considerable interest to isolate this compound for further 


nological evaluation 


AND MAINTE? 


In January, 1950, several collections of fresh horse dung 
from a pasture on the grounds of lerle Laboratori 
River, New York, were brought into the laboratory and 

lishes to which a few ml. of tap water had previou 
added Lhe dishes were covered to bring about a aturated 
mosphere, and then they were placed in a north window 
‘a Sic : ee 
vross culture were allowed to 
temperature In making initial 
a small amount vi added 
] 1 
rounding atmospl aturates 

| = — 

soaking of the dune balls, leading 


holus vrowtl 


sporangiophore 
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though the length of the sporangiophores varied considerably, it 
was apparent that only one species was present. Successive crops 
of sporangiophores were produced over a period of several days 

Since mature sporangia are shot away from the spdrangiophores 
towards the light source, they could be caught on a poured agar 
Petri dish by inverting the bottom of the plate between the spo 
rangiophores and the light. Sporangia are typically discharged 
each morning. In this manner many sporangia were collected on 
the surface of dung agar. Spore germination was a¢complished by 
placing a single sporangium in a hanging drop to which a commer 
cial preparation of pancreatin had been added. The germinating 
spores were then streaked out on dung agar in a Petri dish. After 
several hyphal-tip transfers, the ?ilobolus was freed of contaminat 
inv bacteria and fungi. It was observed in several cases that a 
bacterium seemed to stimulate the production of trophocysts 

The Pilobolus species, when isolated, showed /mycelial growth 
just below the surface of the agar. No aerial mycelium is ever 
formed except for the transitory sporangiophores/which collapse at 
the time of sporangial discharge. [Fruiting 1s; characteristically 
around the margin of the Petri dish as 1f exhaustion of a nutrient 
brought about spore production. llowever, fruiting may occur 
over the entire surface of the plate. Fruiting is preceded by the 
formation of trophocysts, which are cut off by a septum from the 
coenocytic mycelium and can be used as indicators of the time when 
sporangial formation is about to occur. Microscopically the tro 
phocysts are yellow and turnip-shaped The sporangiophores are 
variable in height. The sporangia, at the time of discharge, are 
black, smooth-walled, without a reticulate sporangial wall, and the 
majority measure 148-220 » in diameter. The sporangiospores are 


imbedded in a gelatinous matrix in the sporangia making their 


separation difficult. The sporangiospores from freshly discharged 


sporangia are ovoid, yellow, thin-walled, and measure 11-16 
698». Krom the key in Buller (4) and in Hesseltine (6) this 
Pilobolus species is Pilobolus kleinti van Tieghem 

Two stock solutions were used in the culture medium 

I. Dung decoction was prepared by suspending 125 g. of Bovung ' 


(a commercial dried cow manure) in 1000 ml. of tap water for 2 


! Walker-Gordon Laboratory Co 
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to 3 hours and successively filtering through 2 thicknesses of cotton 
gauze and filter paper 

If. Oatmeal extract was prepared by boiling a 2 per cent oat 
meal in tap water for five minutes and straining the hot solution 
through 2 thicknesses of cotton gauze 

To prepare the medium, 15 g. of crude agar were added to a 
mixture of 500 ml. of dung decoction and 500 ml. of oatmeal ex 
tract, and this was autoclaved for 15 minutes at 15 Ibs. pressure 
It is important not to overautoclave this solution. The above dung 
agar 1s referred to as the stock culture medium or as dung agar, 
and was used routinely throughout the work. It was also possible 


to grow Pilobolus cultures on MecVickar’s dung agar (9) and also 


on asparagine dextrose agar to which some of the above dung de 


coction had been added. These latter two media have the advan 
tage of being clear agars, enabling one better to observe the myce 
lium, trophocysts, and the initiation of sporangiophores. It 1s im 
portant to be certain that the pH of the agar remains above 7 
MeVickar’s media, as stated by the author, was adjusted to pll 6.5, 
which is below the optimum for Pilobolus klemiu; this may explain 
the abnormal sporangiophores which MeVickar deseribed, and on 


which he based 3 new species of Pilobolus 


DEMONSTRATION OF A NEW GROWTIHIL FACTOR AND ITS ASSAY 


(nce a pure culture of the fungus had been established, it was 
tested on a detined basal medium. ‘The test medium was prepared 
hy adding 10 ml. of sterile 3 per cent Difco Bacto agar solution to 
10 ml. of sterile basal medium (‘TAB Le 1) in a Petri plate. Since 
spore inoculum was not feasible, blocks of dung agar removed from 
the margin of a growing Pilobolus colony were cut out and used as 
inoculum 

When this was done, no growth Occurred. When Petri dishes 
with this basal medium plus dung decoction were tried, growth 
resulted. The same results were obtained when the synthetic agar 
for \J/ucors with thiamine added was tried (6) 

rhe growth factor for Pilobolus has been named Coprogen. It 
has been isolated as a pure crystalline compound hitherto unde 


scribed, the details of which will be reported at a later date 
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VEY COLOMGIA 


COMPO 


HC l-hydroly zed « 


Sot macetate 


50.0 my 
100.0 mig Speakma 
5.0 mg. Speakma 
5.0 my J istilled 
5.0 iy 
5.0 mg 
5.0 me Wher ed for liq d a 10 ‘ 
medium were added to 250 ml. flask 
S00 jus I he Huthon Was idded ind 
vi 100 yg volur i 0) ml 
Ca pantothe tt 100 us 
Riboflavin 00 ue 
Nicotinic 500 ys 
Choline 500 yg 
Inositol 00 us 
*\B.\ 00 py 


‘FROWTH IN LIQUID MEDIA 


] 


in attempt to grow Pilobolus in liquid med 25 


ia, 25 mil. of duns 
decoction was sterilized in 500 ml. Erlenmeyer flasks. These flasl 
were inoculated with small blocks of dung agar from Petri plates 
containing the mycelium of Pilobolus kleimu, which immediately 

heneath the surface of the liquid In. lavs a dense 


mycelium was formed which, unlike most funei, remained 


mw the surface of the liquid irom this felt of myceliun 


an abundant crop of sporangiophores was, produced principally ot 

vy, although some were formed on several successive days 

ases the sporangia were yellow instead of the usual blacl 

color, but later liquid cultures have indicated that normal sporangia! 

production occurred, The sporangia were! forcibly discharged just 

were on dung \s far as we are aware, this ts the first time 

grown in liquid media Phe mats were solid 

readily lifted intact from the flasks 

Since the stock dung agar medium could 

that the liquid assay of the factor 

plished by autoclaving the basal medium fraction under 

\ccordingly Erlenmeyer flasks were prepared with 10 ml 


terilization was accomplished 
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by autoclaving jor 15 minutes at 15 pounds pressure. After cool 
ing, Seitz-filtered dung decoction and sterile distilled water were 
added to bring the volume to 20 ml., and the flasks were inoculated 
with blocks of agar (I*1c. 1) containing some of the Pilobolus myce 
lium from a 3-day-old stock culture. ‘These were then incubated at 
28° ©. for six days. The mycelium (Fics. 2, 4) was lifted from 
the medium, the excess liquid was expressed, and the pad was dried 
at 110° ©. for i6 hours. The results in Taste II indicate a quan 
titative response 
PrABLE II 


\SSAY OF COPROGEN IN DUNG EXTRACT 
Quantities of media in ml 


Distilled water Basal mediun 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


~~ 


& 
7 
6 
Ss 
} 
3 
2 


FACTORS INFLUENCING GROWTH OF PILOBOLUS 


Stock dung agar plates were inoculated with blocks of agar con 
taming Pilobolus mycelium and were incubated at four tempera 
tures There was essentially no growth at 36° C. except for a few 
filaments not more than 2 to 3 mm. in length; at 32° C. in the same 
period of time the plates were covered with mycelium but no tropho 
cysts or sporangia were seen. In the same period at 28° C. growth 
covered the entire plates, and large numbers of trophocysts and 
sporangiophores were produced. At 24° C. growth was slower, 
but trophocysts were abundantly formed though fruiting had not 
vet been initiated at the time the plates were read 

\n experiment was also set up to determine the pH range of 
growth for the Pilobolus kleinti isolate. ‘Ten ml. of distilled water 
containing varying quantities of NaOH or IICI was sterilized in 


250 ml. Erlenmeyer flasks, and then 10 ml. of Seitz-filtered dung 
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decoction was added. Kach pli level was made up in sets of 4 
(ne flask of each series was sacrificed before inoculating to detet 
mine The remaining three flasks were inoculated with 
small blocks of dung agar containing mycelium, and incubated at 
room temperature for 4+ days. It will be noted that growth ox 
curred on the alkaline side even at pll 10 but that the Pilobolus 
tended to bring the pH down to approximately 8-8.5. An acid 


pH of 6 or below completely prevented erowth. 


rABLE III 


EFFECT OF PH ON GROWTH OF PILOBOLI KLEINII 


inoculate 


~< 


0 
9 
10.1 


on? a? Ee Me ae se 


* Indicates no growth 


In any liquid assay it is desirable to use spores as inoculum (Ic. 
8). With Pilobolus this was immediately found to be ditheult 
because the spores are shot away from the surface of the medium 
against the sides and top of the container; they are contained in a 
gelatinous matrix which makes it difficult to separate them into a 
uniform spore inoculum; the conditions for consistent spore get 
mination are unknown. A number of attempts were made to obtain 
spore germination. Ordinarily the spores from discharged spo 
rangia fail ‘9 vermmate when placed in tap water (neutral or 
acidified) or in dung decoction. Pretreatment in tap water of 
approximately 0.005 N HCl] did not enhance germination. Spores 
suspended in tap water or acidified tap water for 24 hours at 37° C 
showed no growth. Believing that perhaps a factor in the growing 


mycelium might have an effect, Petri dish lids which had many 


sporangia on them were flooded with the broth from cultures of 


actively growing Pilobolus. When these spores were examined, no 
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geri tubes were demonstrated. On several occasions, when sus 
pended in alkaline dung decoction, alkaline trypsin solutions, or 
pancreatin dung decoction solutions, nearly 100 per cent germina 
tion resulted However, even under these conditions a high per 
cent of germination could not be predicted. Bacteria present in the 
enzyme solutions did not rule out their possible action. The age of 
the spores also seemed to be important. Because of the erratic 
nature of spore germination, this method of inoculation was abar 
doned, and the agar blocks were used in its place Mycelial pads 
treated with a Waring blender did not result in a satisfactory 
inoculum because coenocytic Phycomycetes, unlike the other classes 
of fungi, possess no cross-walls or at most only a few; consequently, 
the breaking of the mycelium results in| the cytoplasm flowing out 


? 


into the medium with the resultant death of the fragment (lic. 3) 


PLATE ASSAY OF COPROGE? 


\Ithough the dry weight assay gives quantitative results, it 
seemed desirable to develop a more rapid and easier means of 
assay. Accordingly, the following procedure was found to give 
hoth rapid and reliable readings. .\gar| plates were prepared with 
the basal medium as previously described for the demonstration of 
the factor. Each plate was inoculated with a block of fresh stock 
dung agar containing actively growing mycelium of /ilobolus Phe 
plates were incubated for 3—4 days at which time (¢ oprogen was 
depleted from the block, and the Pilobolus mycelium had grown out 
for a distance of 1.5 to 3 cm Phe edges of the colony were ragged 
and not too clearly defined because the main fungus filaments often 
grow farther than some of the shorter branched feeder tilaments 
The material to be tested was placed either in a paper dise or 
preferably in a eylinder on the agar at the edge ot the colony \ 


typical assay is shown in Fic. 5. ic.'6 shows a strong positive 


response. Where none of the factor was present, no further growth 


occurred Readings can be made at 24 hours, but the final reading 
should be made at 48 or even 72 hours in order to check border 
line cases. Certain conditions must be followed to make the assay 


reliable 
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1. The plates after inoculation must! stand until the /’tlobolus 
colony has reached its maximum growth diameter. 


2. The pH of the basal medium must be above 7. 


FABLE I\ 


ORGANISMS TESTED FOR THE PRODUCTION OF COPROGEN 


N # culture 


Organism | te ~¢] Re 

Sarcina lutea 
Spore-forming bacilli 
Lactic bacteria freshly isolated from intestinal 

tract of a chicken 
Red pigmented actinomycete 
Pink yeast 
Streplomyces 54 
Streptomyce 105 
Streptomyces \ 120 
Streptomyces A 37 
Streptomyces 88 
Streptomyces \ 307 
Streptomyces \ 81 
Streptomyces \ 247 
Streptomyces \ 153 
Streptomyces aureofaciens A—377 
Streptomyces rimosus 
Sac ( ha romye ¢S Cerviseade 
Saccharomyces pyriformis 
Saccharomyces fragilts 
Ashbya gossypu 
Candida pseudotropicalis 
Unidentified yeasts 
Torulopsis utilts 
Proteus vulgaris 
{lcaligenes hooker 
Escherichia coli 
Staphylococcus aureus 
Aspergillus carbonartius 
Aspergillus nidulans 
Penicillium sp 
Vortierella vinaca 
[ stilago Sede 





\ + sign indicates the presence of Coproge: ign indicates the absence 


of Coprogen by plate assay 


3. The cylinders containing the liquid to be assayed should always 
he placed with the edge of the cylinder just against the margin of 
the Pilobolus colony in order that a sample containing a small 
amount of the factor will show its activity 

4. Positive readings on questionable samples must not be made 
before the third day 

5. A positive reading can be made only when the fungus myce 


lium has grown under the cylinder and appears beyond it. In 
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strongly positive samples the mycelium will be heavy near the cup 
and grow to the side of the Petri dish 

6. No more than 3 samples should be placed on a plate 

With this type of assay it was possible to substitute for the assay 
cylinder a placement of a mold or bacterium to determine its activity 
(Fic. 7) By using such an assay a number of organisms were 


found which produced Coprogen. These are shown in TABLE IV 


NUTRITIONAL REQUIREMENTS OF THE GENUS PILOBOLUS 


\ll of the species besides P?. k/eintt so far tested have shown an 


absolute requirement for this factor. These are summarized in 


Paste V 


FABLE \ 


Srecies OF PILOBOLUS TresteD AND Founp TO Have AN ABSOLUTI 
REQUIREMENT OF COPROGEN 


~ t 


Speci i 
P. umbonatus (3 isolates) deer dung Fuxedo Park, New York 
P. longipes horse dung Pearl River, New York 
P. roridus (2 isolates) horse dung Pearl River, New York 
P. kleinti horse dung Pearl River, New York 


Since it had been the experience of one of us (6) that nearly all 


members of the order Mucorales would grow in a medium in which 


asparagine was the nitrogen source, a series of basal media were 
prepared in which asparagine was the principal mitrogous com 


ponent When these media containing vitamins and. including 


Coprogen were tested, growth was as good as with the basal medium 


given in TABLE | \ further study of the omission of various 


Vitamins indicated a detinite B, requirement Consequently, a 


simplified basal medium was devised which had the following com 


position: asparagine 2 gms., Speakman salts solutions \ and B 


2.5 ml. of each, glucose 10 gyms., sodium acetate 6 gms., and 1000 ml 


of distilled water 


Using this simplitted formula Nohol klein was” carried 


through 10 successive transters © medium with the addition 
of highly puritied preparations of Coprogen. The 10 serial trans 


fers were carried through in agar plates using hyphal moculum 
Further papers on the nutrition (11), methods of 1 


properties of the pure Coprogen will appear elsewhere 
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SUMMARY 


1. A factor necessary for the growth of Pilobolus kleinu, P. 
longipes, P. umbonatus, and P. roridus has been demonstrated. 

2. This factor has been named Coprogen. 

3. A stock medium consisting of dung! decoction and oatmeal 
extract has been described for carrying species of Pilobolus. 

4. A block inoculum assay has been developed for the assay of 
Coprogen in agar in Petri dishes. 

5. The pH for maximum growth has been shown to be above 7. 

6. Growth of Pilobolus klemi in liquid | media has been made 
possible resulting in a liquid assay that is| both quantitative and 
qualitative | 


7. Certain aspects of spore germination| have been studied in 
the genus Pilobolus 
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A RELATION BETWEEN CELL MULTIPLI- 
CATION AND ALCOHOL TOLERANCE 
IN YEASTS 


R. Troyes 
(WITH 4 FIGURES) 


The cessation of many physiological activities of a microorgan- 
ism despite the presence of an ample supply of nutrients and other 


wise favorable environmental conditions has often been ascribed 


to “staling,” a condition presumed to result fron) the inhibitory ac 


tion of progressively accumulating products of metabolism. When 
the “‘staling” effect is manifested in industrial processes involving 
the biosynthesis of economically valuable substances, a knowledge 
of the mechanisms operative is obviously de siralile. In the case of 
the commercial production of ethanol by yeast) fermentation, the 
most significant metabolic product in this respect is that which is 


P — | e P 
desired in the greatest quantities—the alcohol itself. The problem 
ot 
has been to develop methods of culture which affdrd increased yield 


by obviating the “staling” action. | 


Numerous investigators have from time to jime measured 


ethanol concentrations at which various fermeytations cease, 


as 


the first systematic comparative survey of a nuinber of yeasts wi 


conducted by Gray (1941): from glucose utilization data obtained 
under reproducible conditions he defined alcohol tolerance as “the 
Inaximum percentage of alcohol (by weight) at)which the percent 


( 


age glucose utilization is no more than 147 bejow the percentage 


glucose utilization in the control flask of the ‘same series.” He 


was thus able to assign arbitrary alcohol tolerance values to each 


Paper No. 544 from the Dept. of Botan Plant Pathology 
Ohio State University; based largely on a thesis submitted to the 


School of that institution in partial fulfillment of the requirem« 


vree Master of Science The generous counsel of r.W. D 


nts t 
Caray 
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of 21 yeasts tested. He also described a lowering of these values 
at an elevated temperature and noted that measurement of carbon 
dioxide production in the presence of ethanol affords a convenient 
method of estimating the aleohol tolerance of a particular yeast 
In other studies (1946, 1948) Gray found a definite relationship 
between the amount of reserve material accumulated by a yeast and 
its alcohol tolerance: he reported that fat content especially varies 
inversely with alcohol tolerance. 

The values derived by Gray, based as they are on rates of glu 
cose utilization or carbon dioxide evolution, are empirical quanti 
ties of considerable practical utility But their formulation imdi 


cates nothing concerning the manner im which ethanol is operative 


1 


in effecting the observed reductions in glucose utilization In 


Gray's experiments yeasts were cultured in a medium capable of 


supporting growth; since the measurements were made on a cul 


ture basis, the lowered glucose utilization rates might have resulted 
from effects of ethanol on (1) systems participating in carbohy 
drate breakdown, (2) cell multiplication (fewer cells might be op 
erative), or (3) both sets of processes \ny attempt to elucidate 
the nature of the ethanol inhibition must first involve a considera 
tion of these possibilities 

In this report an attempt is made to demonstrate that lowered 


] 


population levels may large | 


‘ly account for reductions in glucose 


utilization per culture under the experimental conditions imposed 


by Gray. 


MATERIAI \ND METIHIIOD 


Six yeasts were employed ; the are listed with the numbers un 
der which they are cataloged in the stock culture collection of the 


Dept. of Botany and Plant Pathology of the Ohio State University 


Saccharomyces cerevisiae Hanser D.C] 
S. cerevisiae Hansen. KR Strain 

20. Hansenula anomala (Wansen) Sydow, 

22. Heanemala (Hansen) Sydow. 

28. S. cerevisiae Hansen. Rasse M Strain. 


31. S. cerevistae Hansen. Brown-Forman Strait 
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Five of these yeasts were studied by Gray (1941, 1946, 1948) and 
had been obtained from the collection of Joseph It. Seagram and 
Sons, In Yeast 22 was secured from Dr.| EK. M. Mrak of the 
University of California under the designation //anseula anomala 
var. Sphaerica ( Naegeli) Dekker; in conformity with the recent 
study of this genus by Wickerham (1951), however, the varietal 


name 1s not retained in this report 


\ liquid glucose-phosphate-yeast extract niedium (Gray, 1946), 


s 
5 


denoted “standard,” was used; 12.50 g. D-glucose, 6.25 g. KH.PO,, 


Difco Yeast Iéxtract, and distilled water to make 1 liter 


8.75 ¢ 

ince inoculum, ethanol, and distilled water were later added to 
portions of this medium at the rate of four yolumes of medium to 
one volume of additional liquid, the final concentrations in the cul 
ture vessels were 1.0 per cent D-glucose, 0.5 per cent KH.PO,, 
and 0.7 per cent yeast extract. The initial pH) was adjusted to 
4.4-4.6 (before autoclaving), measurements being made with a 
Beckman line-operated glass electrode. 

Kor the preparation of inoculum a medium of similar type was 


used: 100.0 g. D-glucose, 5.0g. KH,PO,, 7.0 g. Difco Yeast Ex 
tract, and distilled water to 1 liter. Yeasts from stock cultures 
carried in slant tubes (standard medium plus agar) were transferred 
to sterile inoculum medium contained in 40-ml. graduated centri 
fuge tubes; such cultures were incubated without shaking at 30° C 
for 24 hours. For inoculum designated “aerated” sterile 125-ml 
portions of inoculum medium in 400-ml. bottles were seeded with 
yeast; air was passed from a compressed air line through steril 
cotton and small-bore glass tubing to the bottoms of the culture bot 
tles. Aerated yeasts were incubated 24 hours at room tempera 
ture (28-31° C). 


To effect inoculation, cells were centrifuged 


out of inoculum cul 
tures, washed with sterile distilled water, and resuspended in sterile 
M/15 KH,PO, solution to the desired ¢oncentration. Proper 
amounts of suspension were added to culture vessels through sterile 


graduated pipettes. 


Some fermentations were run in 50-ml. Erlenmeyer flasks, eacl 


containing a final volume of 25 ml. of liquid: 20 ml. of standard 


1: 


medium, 0.5 ml. of inoculum suspension, and 4.5 ml. of 
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distilled water in varying proportions. Other fermentations were 
conducted in one-ounce soft-glass French square bottles, each with 
a final volume of 10 ml.: 8 ml. of standard medium, 0.2 ml. of in 
oculum suspension, and 1.8 ml. of ethanol and distilled water. 
Medium and water were placed first in the flasks or bottles, which 
were stoppered with cotton and autoclaved 20 minutes at 15 pounds 
gauge pressure ; the ethanol was then added aseptically. 

In all experiments except that concerned with the effect of tem- 
perature on cell numbers the cultures were maintained without 
shaking at 30° C; in the latter instance one series was held at 35 
C, also without shaking. 

Estimations of cell numbers were made turbidimetrically or by 
direct count. In the second case a Spencer Bright-Line Haemacy 
tometer was used, and all well-defined buds which were more than 
one-fourth the size of the parent cell were counted. In the tur 
bidimetric measurements cultures were shaken with glass beads to 
insure uniform suspensions, then allowed to stand one minute for 
dissipation of undissolved gases. Optical densities were read in a 
Klett-Summerson photoelectric colorimeter with a No. 42 blue filter 
against a blank of uninoculated medium; cell concentrations were 
calculated through the use of experimentally determined conver 
sion factors. 

For Yeasts 1, 3, 22, and 31 such turbidity measurements agreed 
rather well with direct counts; hence, these yeasts were employed 
in experiments in which populations were measured in this man 
ner. As has been reported previously, attempts to correlate such 


measurements using Yeast 20 were fruitless because of great vari 


ability in size and shape of the cells (Kuehner, 1951). In the 


present study, however, variations in results obtained with the 
closely related Yeast 22, while near the general limitations of the 
method, were not of sufficient magnitude to preclude use of this 
strain, provided care was exercised. 


1 


Glucose concentrations were estimated by the method of Stile 
Peterson, and Fred (1926). 
EXPERIMENTAL RESULTS 


Numbers of cells formed in ethanol. In these experiments 


Yeasts 1, 3, 20, 22, 28, and 31 were « mploved For each veast two 
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replicate series of fourteen 50-ml. flasks containing various initial 
amounts of ethanol were prepared. Twenty-four hours after in- 
oculation haemacytometer counts were made, two per flask, and 
the values obtained for duplicate flasks averaged. These results 
are presented in TABLE [: the figures repr¢sent the average num 
bers of cells formed (final cells minus initial cells) as millions per 


milliliter for each alcohol concentration. In order that results for 


TABLE I 


AVERAGE NUMBERS OF CELLS FORMED (FINAL Mints INtriat) iN 24 Hours 
BY SIX YEASTS IN CULTURES CONTAINING EV HANOI YEASTS ARI 
ARRANGED FROM LEFT TO RIGHT IN ORDER OF INCREASING 
ALCOHOL TOLERANCI (Initial. CELLS 
110° PER ML.) 


Initia 
htOH 


mg/m 
0.0 
29 } 
40.8 
44.1 
51.5 
58.8 
66.2 
73.6 


the six yeasts may be compared, these averages are presented 
graphically in Fic. 1 as percentages of the 1tumber of cells obtained 
in the control flasks to which no alcohol was added. 

In each case the number of cells formed in 24 hours decreased 


as the ethanol conceatration increased, although not linearly. The 


reduction in population at a given alcohol ¢oncentration was much 


greater with some yeasts than with others. When the five (dis 
regarding Yeast 22) which were studied by Gray (1941) are ar- 
ranged on the basis of the ethanol concentrations at which equiva 
lent reductions in the numbers of cells formed occur, the order is 


20< 1< 28<3< 31. Such ranking may be seen easily from 
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Fic. 1 This is exactly the order which was reported by Gray, as 
based on the ethanol concentrations at which equivalent reductions 
in glucose utilization were observed at is, as based on alcohol 


tolerance as defined by him 





& 
oO 


D> 
oOo 


> 
oO 


™m 
So 


—I 
.o) 
~ 
rw 
-_ 
Oo 
o 
LL 
© 
xs 
| 
a 
uJ 
~ 
a 
© 
ua 
2) 
ad 
“ll 
VT) 
oO 


20 40 60 
INITIAL ETOH - MG/ML 


ic. 1 Average numbers of cells formed (final minu 


by six veasts in cultures containing initial ethanol ( 
pressed as percentages of the results for the control 
ethanol was added 


Yeast 22, which was not employed by Gray (his Yeast 22 was a 


strain of Saccharomyces cerevisiae Hansen), falls in the above se 
ries between Yeast 20 and Yeast 1; with this strain of //ansenula 
anomala (Hansen) Sydow the reductions in 24-hour populations 
in the presence of ethanol were large, but not as great as those found 
for the related Yeast 20 

Effect of temperature. Since Gray (1941) reported that Yeast 
1 exhibited a lower alcohol tolerance at 35° C than at 30° C, an ex 


periment was conducted to determine the effect of temperature on 
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the numbers of cells produced in 24 hours in cultures containing 


Yeasts 1, 3, 22, and 31 were employed. For each yeast 


ethanol. 
flour replicate series of six French square bottles containing various 
amounts of ethyl alcohol were prepared as previously described. 
Two series for each yeast were held at 30° C, and two at 35° C 
Twenty-four hours after inoculation the cell populations were esti 
mated turbidimetrically and the values obtained for replicate cul 


tures averaged 


FABLE I] 


FECT OF TEMPERATURE ON AVERAGE NUMBERS OF CELLS FORMED 
(Final Minus INitrat) 1N 24 Hours By Four YEASTS IN 
CULTURES CONTAINING I-THANOI (INITIAI 
CeLLs: 110° PER ML.) 


ial KtOH 


From the results presented in Tape II it is apparent that in each 
case fewer cells were formed at the higher temperature than at the 
lower; the exceptions in cultures containing 88.3 mg. ethanol per 
mil. do not seem significant since at both temperatures relatively few 


cells were formed. It should be noted that even in the control cul 


tures to which no ethanol was added considerably fewer cells were 


‘ 


formed at 35° C than at 30° C. (Results for Yeast 1 are also 


shown in Fic. 2.) 
Aerated and nonaerated inocula. Gray (1948) reported that 


alcohol 


At 


cultures of yeast from aerated inoculum exhibited lower 
tolerances than cultures prepared from nonaerated inoculum, 
cordingly, an experiment was conducted to determine whether dif 
For 


ferences in population levels occur under these conditions. 
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each yeast used (1, 3, 22, and 31) four replicate series of six French 
square bottles with various initial amounts of ethanol were pre- 
pared. Inoculum was cultured for 24 hours with and without 
aeration. Approximately equal numbers of cells from each type 


of culture were used in inoculating the test bottles: for each yeast 
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hic. 2. Effect of temperature and aeration of inoculum on average num 


bers of cells formed (final minus initial) in 24 hours by Yeast 1 in the pres 


ence of ethanol. Cultures from nonaerated inoculum were maintained at 30 


and 35° C, cultures from aerated inoculum at 30° ¢ 
two series were inoculated with cells from the aerated culture and 
two series with cells from the nonaerated culture. After incubation 
for 24 hours at 30° C cell numbers were measured turbidimetrically 
and the values for replicate cultures averaged. 

Results of this experiment are presented in TAsie III (data for 


Yeast 1 are also shown in Fic, 2). At almost every ethanol con 
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centration fewer cells were formed by each yeast in the cultures 


from aerated inoculum than in those from nonaerated inoculum 


\gain, even when no alcohol was added initially there were differ 


7 1 


ences between the numbers of cells formed in the two types of cul 


tures; on the whole, however, these were small 


PrABLE III 


EeRECT OF ETHANOL ON AVERAGE NUMBERS OF CELLS FORMED (FINAI 
Minus [nittat) iN 24 Hours spy Four Yeasts IN CULTURES 
FROM AERATED AND NONAERATED INOCULA 
(Intra. Ceius: 1108 PER ML.) 


Initial KtOH 


Nonaer ite ad 
\erated 


Nonae rate 
\erated 


Nonaeratec 
\erated 


Nonae 
\erate 


Vime-course of multiplication m ethanol. In view of the observed 
reductions in 24-hour population levels described above, an at 
tempt was made to ascertain more specilicially the effects of ethanol 
on yeast growth by measuring the multiplication of four yeasts 
(1, 3, 22, and 31) over a period of 96 hours. For every yeast 
five sets of French square bottles, each representing a different ini 
tial ethanol concentration, were prepared; the cultures were held 


at 30° C throughout the experimental period \t various times 


the cell population in one culture from each set was measured tur 


hidimetrically ; results are, expressed jas averages of duplicate de 
terminations, between which close agreement was found. Data 
from this experiment are presented, in Tarte IV; results 
Yeast 1 are also summarized graphicaily in Fic. 3 

\Ithough the yeasts employed in this study differ from bacteria 
in manner of cell division and the growth pattern of the yeasts 


1 


does not follow exactly that of bacteria,it 1s beleved that the differ 
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ences are not so great as to preclude analysis in terms of concepts 
developed by the bacteriologists. Growth curves obtained by plot- 
ting the data of Tasce IV are of the familiar type; in particular, in 


the three series of cultures having the lowest ethanol concentrations 


an exponential period of multiplication was closely approximated 


PrABLE I\ 


GrRowtTH DuRING A 96-HouR PERIOD OF Four YEASTS IN CULTURES 
CONTAINING INITIAL ETHANOI 


Initia 
heOuw 


by each yeast Hence certain growth constants described 


Monod (1949) have been calculated These constants, values 


] 


which are presented in Taste V, may be briefly described 


Total Growth, 
(; 


expresses li between the imitial (4%) and aximum 
(Xmax) cell concentrations (here cells per unit volume 
rather than the dry weight per unit volume preferred by 


In every case ; ethanol concentration increases, 
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decreases, although the latter is certainly not a linear function of 
alcohol concentration (TasBLe V). Also, the degree to which G 


for a yeast is decreased at a given concentration bears a relationship 
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ic. 3. Growth of Yeast 1 as a function of initial ethahol concentration 


and time. | 
| 


to the alcohol tolerance of that yeast, as has been shown for 24-hour 
cultures in experiments described earlier. | 


Exponential Multiplication Rate is expressed by the equation 
| 


log.a 


t 


Rk 1O2 
\ 
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where / Is any time interval within the exponential period of 


growth and x, and 2, represent the numbers of cells at the beginning 
| 


and end of that interval. In this study no exponential phase was 
observed for any yeast at ethanol concentrations of 88.3 and 117.7 
mg. per ml., but R-values have been calculated for each yeast in the 


other three concentrations (TABLE V) from. the 


results it ap 


pears that ethanol may have the effect of decreasing the exponen 


tial multiplication rate: only with Yeast 31 was this trend not fol 


lowed exactly 


PABLE \ 


CALCULATED GROWTH CONSTANTS FOR 96-HoUR CULTURES OF Four 
IN Merpium CONTAINING ETHANOI (G Porat GROowTH:; 
Ik EXPONENTIAL MULTIPLICATION RATE) 


Two lag constants, the Lag Time (lodge and 


1943) and the Growth Lag ( Monod) 


Hinshelwood, 
were also calculated; in 
some cases there was a regular increase in the values of these lag 
constants with increasing ethanol concentration \mong differ 


ent yeasts the results varied considerably, however, and they are 


therefore not reported From Tarte TV it is nevertheless obvious 
that an increase in lag was gx lly ol | 


generally served 


evidently the growth of yeasts may variously affected by 


ethanol in the medium In this iiy the total number of cells 


formed varied inversely, although not proportionally, with the 


amount of alcohol present. This may have resulted largely through 


the reduction in multiplication rate during the 


expone tial phase 


this period), as well It 
| 


¢ i . any] ] . ; ‘ 1 
(and eventual elimination © as from a possible 
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increase in lag. Other factors, such as the dufation of the ex- 
ponential phase, if there is one, and the rate of defrease in multipli- 
cation rate as growth tapers off are probably opfrative. 

Cell numbers and glucose utilization. Reductions in yeast pr ypu 
lations accompany the reductions in glucose utilization in the pres 
ence of ethanol reported by Gray for various ¢xperimental condi 

TABLE VI 


/ 


AVERAGE NUMBERS OF CELLS FoRMED (FINAL MINUA INITIAL) AND AMOUNTS 
or GiLucose Utiizep in 24 Hours By Six YEASTS IN CULTURES 
CONTAINING ETHANOI (InttT1AL CELLS x 10° PER MI 
INITIAL GiucoseE: 10.150-10.460/MG./ML.) 


Initial 
Koon 


100.0 
80.8 
69.2 
26.9 


11.5 


100.0 
100.0 
76.0 
24.0 
16.0 


100.0 
32.0 
6.0 
6.0 
4.0 


00.0 
95.0 
85.0 
13.3 
10.0 


10.249 
10.460 
10.237 

127 


$47 


951 
959 
922 
5.765 
962 


933 


‘ii 
362 
O87 
707 


887 
892 
S89 
5.891 
0.795 


100.0 
102.1 
99.9 
10.9 
1.4 


100.0 
100.0 
99.7 
57.9 


9.7 


100.0 
$8.1 
13.7 
10.9 

7.1 


100.0 
100.0 
100.0 

59.6 


&.0 


tions. The question which arises is whether the reduction 
glucose utilization is a result of a lower population level, 
whether the smaller population may be an effect of the utilization 
less glucose. 

An experiment was conducted in which both cell populations and 
glucose utilization were measured. For each yeast used (1, 3, 22, 
and 31) two replicate series of 50-ml, flasks were set up with in- 


creasing amounts of ethanol in successive flasks. The cultures 
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were held without shaking at 30° C for 24 hours; cell concentrations 


were then measured turbidimetrically and residual glucose deter- 


mined. For Yeast 1 two additional series were prepared and 


similar measurements made after 48 hours. Values of duplicate 


cultures were averaged; results of the 24-hour experiments are 
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Fic. 4. Cell formation and glucose utilization in 48 hours by Yeast 1 
in cultures containing initial ethanol. Numbers of cells formed and amount 
of glucose utilized are expressed as percentages of the 48-hour values for 


control flasks to which no ethanol was added 
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presented in TAnite VI, and the complete data for Yeast 1 are 
summarized in Fic. 4 

With these yeasts, cell populations fall off more rapidly with 
increasing ethanol concentration than does glucose utilization If 
total growth depended only on the amount of glucose utilized, then 
the cells-ethanol and glucose-ethanol curves should decline sharply 
at nearly the same point. This, however, is not the case \p 
parently reductions in cell populations in medium containing ethanol 
are not solely the result of decreased glucose utilization ; the prov 
esses involved in cell multiplication seem to be affected at lower al 
chohol concentrations than are those connected with the disappear 


ance otf glucose 


DISCUSSION 


The above experiments were designed to follow as closely as 
possible the procedures employed hy Gray in his studies. From 
the results it is apparent that parallel reductions in cell popula 
tions accompany the reductions in glucose disappearance which he 
observed. 

The number of cells formed by the six yeasts in graded series 
of cultures containing ethanol yield curves similar in shape to 


those reported by Gray for glucose utilization by five of the same 


yeasts under like conditions. Likewise, a decrease in alcohol 


tolerance with a rise in temperature is paralleled by reduced cell 
multiplication. Finally, the fact that cells from aerated and non 
aerated cultures of the same yeast exhibit differences in alcohol 
tolerance is matched by the fact that such cultures also show dif 
ferences in population levels attained in the presence of ethanol 

Phat ethyl alcohol is responsible for reduction in total numbers 
of yeast cells formed has been reported frequently—e.g., by A. J. 
Brown (1905), Hl. T. Brown (1914), Richards (1928c), and 
others. 

Phe reduction in multiplication which accompanies lower alcohol 
tolerance at elevated temperatures is also not unexpected: Richards 
(1928a, 1928b) reported that above 30° C the process of budding 
is critically affected and growth falls off rapidly. Thus, the ap 


parently increasing effectiveness of ethanol at temperatures above 
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the optimum (28° C) may be explained partly by the lowered 


multiplication rates which occur solely as a result of the tempera 
ture rise, and perhaps partly by a shift in the equilibria of the 
critical reaction involving ethanol (Rahn, 1945) 

Since aerated cells accumulate more fat, Gray (1948) has pro 
posed on the basis of observations of Lindegren (1945) that a 
more ready coalescence of fat globules in cells of high fat content 
may account for the lower alcohol tolerance of aerated cells than 
of nonaerated cells of a yeast) strain Lowered multiplication 
rates of aerated cells in ethanol might also result from such greatet 
coalescence of fat globules 

While most workers measuring ethanol effects on yeast growth 
have been concerned with the total growth, Hf. T. Brown (1914) 
1 


studied 100-hour growth curves and reported reductions in both 


1 


total growth and multiplication rate with increasing alcohol con 


centration. This conclusion is borne out in the present study, 
since total growth declined and the value of the exponential growth 


1] 
I 


rate constant generally decreased with increasing amounts” of 


ethanol until the exponential period vanished altogether 

The question posed earlier—whether the reductions in glucose 
utilization noted by Gray results from the effects of ethanol on the 
vlucose breakdown mechanism, or on cell multiplication processe 
or on both systems—-may be partially answered by the experi 
mental results described here lwo facts point 
growth reductions result in the utilization of less 
ture (rather than that a lowered rate of 
lunits multiplication ) 

In the first place, while 24-hour | population 
(lic. 1) are similar in shape to th hour curve 
utilization-ethanol for the same. ye; . Caray, 1941 ) 
worthy that 1 ase the rather 
acteristic of both sets of curves occurs at a low ile 
tration in the ca 4% the population curves than with 
utilization curves Recalculations of Gray’s original dat 
enable comparison, are contrasted in Tarte VIL with those of 
present study; with these yeasts the approximate concentration 
at which the rapid drop in multiplication begins are definitel 


1 


lower than those at which glucose utilization decline Second 
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when populations and sugar disappearance were measured in the 
same culture, the former were reduced more by ethanol than the 
latter. This situation is especially apparent from Fic. 3 


While these results are certainly not conclusive, they support 


the hypothesis that a limiting of cell multiplication by ethanol is 


initial and primary in the alcohol tolerance effect. Such a con- 


cept is in accord with the statement of Rahn and Barnes (1933) 


PABLE VII 


COMPARISON OF THE ETHANOL CONCENTRATIONS AT WHICH CHARACTERISTIC 
SHARP REDUCTIONS OcCUR IN GLUCOSE UTILIZATION PER CULTURE 
AND ToTraAL NUMBERS OF CELL FORMED. (GLUCOs!I 
UTILIZATION VALUES RECALCULATED FROM 
DATA OF GRAY, 1941) 


Point of sharp reduction 


Glucose No. of 
utilization cell 


mg. KtOH per m 
37.1 <29.4 
59.4 29.4 
81.7 30.8 
81.7 36.8 
> 81.7 44.1 


that in yeast cells exposed to damaging agents loss of the ability 
to multiply preceded loss of fermentative power. It further har 
monizes with the report of Brockmann and Stier (1947a) that in 
the 1I.C.L.. Strain (Yeast 1) utilization of the glucose initially 
present in a culture may proceed at a fairly constant rate per 
culture despite concomitant changes in yeast population 
Concerning the manner in which the effects of ethanol on yeast 
multiplication may be in turn reflected in glucose utilization, recent 
research offers a clue. [Experiments such as those of Brockmann 
and Stier (1947b) indicate that the enzyme systems of yeast 
cells usually operate at below-capacity rates. These workers hold 
with Meyerhof (1944) that if maximum glucose utilization rates 
are to be attained the processes of phosphorylation and dephos 
phorylation must be synchronized. Since about two high-energy 
phosphate bonds are produced for every molecule of glucose fer 
mented, the rate of dissipation of such bonds must balance the rate 


of their generation (Lipmann, 1941) ; otherwise the adenylic acid 
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system may be saturated to such a degree that it can no longer 
serve as a phosphate acceptor in fermentative dephosphorylations 

In general, synthesis (cell-multiplication and accumulation of 
reserve materials) and hydrolysis (processes involving phos 
phatases) are the processes by which high-energy phosphate bonds 
are dissipated (Potter, 1944). The experimental data of Brock 
mann and Stier (1947b) indicate that in growing cultures of 
Yeast 1 accumulation of high-energy phosphate bonds is avoided 
through the synthetic processes incident to cell multiplication. 
The rate of glucose utilization (per cell) is always higher during 
periods of active multiplication. 


Thus, while the specific mechanisms through which ethanol in 


hibits yeast growth are undoubtedly complex, such reactions in 


preventing multiplication probably result in the accumulation of 
high-energy phosphate bonds—the resultant combined reduction 
in glucose utilization per cell and per culture appearing as_ the 


phenomenon of alcohol tolerance. 


SUMMARY 


Studies on the multiplication of four strains of Saccharomyces 
cerevisiae Hansen and two strains of Hansenula anomala (Han 
sen) Sydow under various conditions revealed reductions in 
growth which parallel the lowered glucose utilization rates pre 
viously reported. 

Population curves for cultures containing various amounts of 
ethanol resemble those for glucose utilization by the same yeasts 
under similar conditions. A decrease in alcohol tolerance with 
elevated temperature is accompanied by reduced multiplication 
Cells of the same yeast from aerated and nonaerated inocula, which 
exhibit differences in alcohol, also attain different population levels 
in the presence of ethanol 

The primary effects of ethanol on yeast growth are reduction in 
the total number of cells formed and lowering of the exponential 
multiplication rate 

Results of experiments involving estimation of cell numbers and 
glucose utilization in the same cultures indicate that the first effect 
of added ethanol is probably a reduction in multiplication, with 


elucose utilization by the culture as a whole declining only later 
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It is suggested that the decreased growth effected by ethanol! 


results not only in fewer active cells, but also in the accumulatior 


of high-energy phosphate bonds. These two effects, which result 


in a reduction in glucose utilization, could account for the occur 


rence of the phenomenon of alcohol tolerance 
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CULTURAL STUDIES OF DACRYMYCES 
ELLISII 


rHomas J. Burat 


(WITH Y FIGURES) 


In 1888, Brefeld (1) described several species of fungi belonging 
to the family Dacrymycetaceae in volume 7 of his Untersuchungen 
He included in his description the results obtained from germiunat 
ing spores of Dacrymyces deliquescens in water and liquid nutrient 
cultures. These cultures produced thin-walled hyphae upon which 
were borne masses of conidia. The conidia ranged from ellipsoid 
to obovoid and were borne on short conidiophores either singly or 
in groups of two or more. He reports the size of these conidia 
as 7-3 X 5 2 p. 

The report by Brefeld appears to be the only work done on the 
cultural characteristics of this group. 

In May, 1951, two collections of Dacrymyces Ellisii were made 
in the same general locality in Johnson County, lowa. These two 
collections were similar morphologically except for the size of their 
spores. One had narrow spores averaging 14.7 * 5.7 » while the 
other had broad spores averaging 13.6 * 7.5 p. 

Cultures were made on malt agar from the spores of each of 
these collections, GWM 64725 (narrow-spored) and GWM 6/26 
( broad spored ). This resulted in the deve lopment of several types 
of colonies. At first three types of colonies were observed, all of 
which were bright orange in color. They were: (1) giant colonies, 
(2) small colonies and (3) gelatinous pustules. Later, small white 
colonies arose from cultures of 6420. 

The manner in which colonies arose from various areas of the 


substrate after single point inoculations were made suggested that 


the spores were being projected in some manner. To determine 


whether this was the case, covers were changed from petri dishes 


10) 
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containing active colonies to petri dishes containing only sterile 
malt agar. This was done in hope that spores projected from the 
colonies had adhered to the cover and would in turn be projected 
onto the sterile agar thus starting new colonies. Within 3 to 5 
weeks new colonies began to form on the agar indicating that the 


spores had been projected. In some of the more active cultures 


spores were projected to the covers of the petri dishes and caught 


in drops of water formed by condensation. Many of these sub 


sequently germinated in the liquid. 


DEVELOPMENT OF CULTURES 


Single point inoculations were made in the center of petri dishes 
containing approximately 15 cc. of malt agar. In 5 days new 
growth could readily be seen. Mature colonies developed within 
3 to 4 weeks. 

In about one out of every ten inoculations only a single giant 
colony 2.5—4 cm. in diameter developed (Fic. 1). In the majority 
of inoculations, however, other colonies were also formed. These 
were small colonies similar to the giant colonies 0.1—1 cm, in diam 


eter (Fic. 2, surrounding giant colony) and gelatinous pustules 
0.1-0.5 mm. in diameter (Fic. 3, to right of giant colony). Often 
these colonies coalesced to form one large colony by confluence 
Che small colonies were sometimes so numerous that they coalesced 
before becoming fully developed and formed a single mat-like colony 
that covered the entire surface of the agar. The gelatinous pustules 
were at first discoid to pulvinate and then became irregular 

These colonies produced three types of spores. One type was 
ellipsoid to obovoid., } 5 » 1.8 2.5 Bs, borne singly or in clusters 
of 2 or more on short sporophores (Fic. 6). These spores gave 
evidence of being forcibly projected from their sporophores ; how 
ever, no mechanism for this type of spore discharge could be 
ascertained. These are probably the same type of structures that 
Brefeld reported developing from spore cultures in liquid media 
He did not observe the spores being projected because all his cul 
tures were made in liquid. The second type consisted of thick 
walled chlamydospores, spherical to obovoid, 6-12 * 5-8 p, which 


may be intercalary or terminal (Fic. 7). The third type consisted 
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Par 1-5. Cultural forms of Dacrymyce 
Giant colony surrounded by small color 
latinous pustules at right, % 4. Valle 


0 
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ol the M longate ballistospores le scribed below | he hvy hae im older 
cultures often formed oidia (biG. 8). 

\pproximately 300 transfers were made durmg an S&-month 
period. All were from cultures originally made from either 6425 
or 6426. The only discernible difference between 6/25 and 6426 
is that the latter is usually slightly lighter in color \ll precautions 
were taken during the handling of these cultures to assure the 


absence of any contamination. During this period the colomes 
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Spore forms of Dacrymyces Ellisu. Drawn with the aid of 


camera lucida, 1000. 6. Spores of 6425 which are forcibly projected 7 


Chlamydospores. & Hyphae breaking up to form oidia. 9 Pallistospores 


budding and germinating by repetition 


already described always developed. Llowever, on four separate 
occasions a third type of colony forming ballistospores developed 
from 0426 (lias. 4, 5) These colonies are white when young and 
later become tan. ‘They are at first almost completely composed of 
spores. More hyphae form as the culture ages. ‘The spores are 
elongate and slightly curved, 11-25 x 2-3, averaging 17 2.6 
(Fic. 9). These spores germinate by budding and by repetition, 
and they are forcibly projected Ojudia will form fron hyphae in 
the older cultures 


DISCUSSION 


Vhe forms which appear in the various cultures of Dacryimyces 
Elhsu exhibit a little known phase in the life evele of that fungus 
Che most interesting aspect of the results obtained in this work 
was the appearance of spores which were projected from their sporo 


phores and the occurrence of certain spores which germinated by 
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budding and by repetition. The white colonies which arose from 
6426 have all the characteristics of the genus 7Jilletiopsis. It is 
believed that they are definitely members of this group. Further 
more, the projected spores found in the other colonies also show a 
resemblance to the family Sporobolomycetaceae. 

The position of the Sporobolomycetaceae has always been ques- 
tioned. There have been various opinions as to its correct taxo 
nomic position. Buller (2) thought it to represent reduced forms 
of Basidiomycetes. Derx (3, 4) has also stated that the group 
probably belongs in the Basidiomycetes. In speaking of the genus 
Villetiopsis Nyland (6, 7) states that the lack of parasitism alone 
is hardly sufficient reason for excluding that genus from the Ust1 
laginales. Olive (8) has expressed the opinion that the Sporo- 
bolomycetaceae may be related to the Tremellales. Mariin (5) has 
included the Sporobolomycetaceae as an addendum to the Tremel 
lales in his recent Revision of the North Central Tremellales 
Others have placed these fungi in the false-yeast group. 


The forms deseribed in this paper show clearly that such fungi 


may represent part of the life cycle of Dacrymyces Ellisii. The life 


cycle of this species, therefore, would consist of the perfect stage 
characterized by the formation of basidia, an imperfect stage marked 
by the formation of conidia and an intermediate phase which takes 
the form of ballistospores which germinate by repetition and 
budding 

This constitutes further evidence that the Sporobolomycetaceae 
have a definite taxonomic relation with the ‘Tremellales 

Studies are being made ‘at the present time of cultural forms of 
other genera of the Tremellales 

This work was done under the supervision of Professor G. W 
Martin 
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SOME VIEWPOINTS ON THE PHYLOGENY 
OF RUST FUNGI. I. CONIFEROUS 
RUSTS 


EK. FE. Lepprk 


(wWitH 5 FIGURES 


Most recent mycologists (Dietel, Faull, Gaumann, etc.) agree 
with A. Moller’s (17) proposal to derive the Uredinales or rust 
fungi from the order .\uriculariales of the class Basidiomycetes. 
Their point of view rests mainly upon the marked similarity which 
exists in the structure of the phragmobasidium and the formation 
of basidiospores of the Auriculariales and Uredinales. There are 
two further hypotheses, that of de Bary (1) which derives the 
Uredinales from the Ascomycetes, and that of Brefeld (2) which 
connects them with the Zygomycetes. ‘These hypotheses have not 
found further support since the question was thoroughly discussed 
by Gaumann (4, pp. 421, 586-592). But mycologists do not agree 
too well when it comes to the classification of this group of fungi. 
More than 4000 recent species of rusts are represented in such a 
variety of sporulating forms that it is difficult to subordinate all 
of them to the definite groups 

Up to the present time no definite phylogenetic system of Uredi 
nales could be established. Gaumann (5, p. 586; 6, p. 303) char 
acterizes the present situation as follows: There is a complete 


anarchy in regard to the significance of all forms and types of life 


cycles of these fungi. [low have they arisen, and how are they 


related? The answer to this questidn is difficult, for the Uredi 
nales belong to the oldest known fungi and they have survived to 
our time, isolated as “living fossils.’ They have not, however, 
left us petrified fossils of their ancestors. Thus the answer cannot 
be given without considering at the same time the phylogeny of the 
Uredinales, their systematic division and the origin of their bio 


logical specialization 
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Recently the history of rust fungi has been studied in connection 
with the phylogenetic and hologenetic development of their host 
plants, which method provides a new approach to the question of 
their phylogeny and classification. The present article attempts 
to summarize some results which have been reported in Germany 


and are not readily accessible to .\merican mycologists 


PHE PRESENT CLASSIFICATION 


The present taxonomy of the rust fungi is based on the morpho 
logical structure of their teliospores. This method of classification 
however, has been applied by various authors in different ways, 
and cannot be accepted without criticism (Leppik, 10) 

\Ithough the teliospores may provide perfect characteristics for 
generic identification, their distinctive value cannot be used with 
the same effect for the classification of families and suborders 

During the long process of evolution the rust fungi have several 
times eliminated their former teliospores and have developed en 
tirely new forms of spores in some other stage of the life cycle 
which have taken over the function of teliospores Therefore, the 
teliospores of different phylogenetic groups may be similar but not 
always genetically identical organs. In most cases they are formed 
from the Iinucleate urediniomycelium, In Coleopuccinia they are 
derived from the aeciomycelium, in Endophyllum directly from 
aeciospores, in Uredinopsis from the intrasoral mycelium, ete. 

Still more frequent are the cases where the teliospores in geneti 
cally related groups, responding to different ecological environ 


ments, have changed their shapes to unrecognizable forms. In 


1 


these cases the teliospores may be genetically identical but are not 


similar morphologically. Because of their extreme plasticity the 


phylogenetic value of teliospores cannot be very great, and the 


term “teliospore” can be applied in a functional rather than in a 


genetic meaning Phe question of origin and historical develoy 


ment ol teliospore s can therefore be approached 


with hologeneti 
viewpoints rather than phylogenetic, and wall 
later chapter 

on the other hand, the stability of forms of basidiospores, uredi 


miospores and pyene does not by any means furnish a better 
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Special attention should be given to the roestelia type of Gynino 
porangium. ‘The aecia of this type possess a modern mechanism, 
which regulates the distribution of spores in connection with chang 
ing weather conditions. This mechanism enables it to hold back 
the spore material in the sorus until the combination of tempera 
ture, humidity and wind velocity has reached a most favorable 
index for distribution. When this point is reached, a special 
mechanism empties the sorus and closes it again as long as new 
spores are ripening (Leppik 1949) 

Phis new achievement of a young rust family has proved effec 
tive and the mechanism has already been modified in several special 
cases. In fact roestelia has split itself into several subtypes or 
“typomeres”: aecioid, protuberoid, cornuoid and roestelioid, which 

re provided with clear morphological characteristics (see TABLE I 
and Leppik 14, from manuscript ). 

In this polymorphism and variability of roestelia subtypes is 
reflected the phylogenetic youthfulness of the genus Gymnospo 
rangium. This is a new trend within the higher rust fungi, a 
mechanism to regulate the distribution of their spore material in 
connection with weather conditions 

In this way the arrangement of aecial types according to their 
historical development may provide a framework for the further 


phylogenetic considerations of the rust fungi 


AECIA AS INDICATORS OF CLIMATIC CONDITIONS 


The aecia of rust fungi are intended to protect immature aecto 
spores against drought and to facilitate the distribution of these 
spores after their maturation. The protection of these spores 
against low temperature may be of some importance in localities 
where frost in the early spring is common. Several constant aecial 
tvpes are, therefore, characteristic of certain weather conditions 
and may be evaluated as indicators of the climate. [xcept in some 
special cases, the aecia reflect the weather conditions of spring and 
early summer, which is the season of their appearance \ histori- 
cal development of aecia may consequently reveal the climatic 
change of the past (Leppik 9, 12, 14, 15) 


The general picture of a climate, as it is mirrored by different 


tvpes of aecia, may be completed according to other sporulating 
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forms of rust fungi. Protected urediniospores point to a dry 
summer, whereas the development of a protective covering by the 
teliospores suggests a cold winter. To be sure, these suggestions 
can have practical value only if the origin of different types of rust 
sori can be connected with the historical development of their 
bearers 

The present-day distribution of types is not always decisive 
lhe rusts with well-proteeted sori are also able to live in a moist 
and warm climate, although the opposite weather conditions are 
the essential prerequisites for their original development 

In the case of coniferous rusts, the comparative phylogenetic and 
hologenetic studies of these rusts in connection with their host 
plants enables us to restore the origin and historical development 
of some main types of aecia (see later). These studies also allow 
us to make some conclusions concerning the climatic conditions of 
the past, which have been responsible for the development and 
accomplishment of certain detinite types of aecia 

The ancestral prototype of the aecia of coniferous rusts presum 


ably had a tubular or cup-shaped, thick-walled pseudoperidium, 


which provided sushcient protection for the immature aecidiospores 


against drought in a moderately dry climate This prototype can 
be assumed according to the morphological structure of numerou 
living representatives of conierous rusts \mong the recent types, 
the aectum | of Pucciniastraceae comes closest to the ancestral 
prototype of the aecium 

Phe geographical distribution of recent tir forests in the Northern 
Hemisphere, the residence of aecimm Loon cthies, enables us to 
realize the climatic environment in which the early development of 


the aecial prototype has taken place lhe moderately dry climate 


f fir forests with well established seasons, differs sharply fron 


that of the tropical rain forests, the place where the ancestors © 
coniferous rusts presumably lived near the end of the Paleozoi 
era The emigration of rust fungi from. the Ww paleotropi 
climate into the temperate coniferous forests of the Northern |lemi 
sphere was evidently the main cause of the rearrangement of thei 
sporulating organs \ll other forms of spores e) 

spores received peridial covering, whereas the liospo were 


embedded in the host tissue Since that time, ae sorospora 
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became associated with the coniferous tamuly Inetaceae and pre 
served this specialization to the present day: Their further evolu 


tion is closely connected with the historical development of .\bieta 


ceae Phe splitting of the \bietaceae into the recent genera .1)res 


Picea, Pinus, Larty and Cedrus, which were adjusted to the various 


special climatic conditions, followed the splitting of the aectal pro 
\ll 


totvpe into the recent aecium [, cacoma I, and peridermium \ 
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other sorus. In all probability the present aecial types have 
evolved from a common prototype of ancestral Sorospora, as 
sketched in Taste IT. 

There is an analogy in this scheme and in the evolutionary trends 


of coniferous rusts, as these are demonstrated on the recent groups 


PABLE II 


THe Historical DieveLormeNnrT or Arcium I, Catoma I AND 
Pe RIDERMIUM FROM A COMMON PROTOTY?PI 


Peridermium of Caeoma T of 
| 


1 ridermiaceae | Me l tmipsoracede 


| 


» 


“oe I ol 


ccimilastraceat 


(see Fic. 3). The historical development of these main groups of 
Uredineae sorosporae also coincides with the evolution of the 
\bietaceae (see TAs IIT). 

\mong the recent types, aectum | stays closest to the proto 
aecium of Sorospora (see below). Concerning the development 
of the pseudoperidium, the peridermium is a progressive and 


cacoma | a regressive trend from this aecial prototype 


Phe caecoma Il of Phragmidium evidently has no relationship 


with caeoma | and should be provided with another nam 

Phe striking similarity in the morphological structure of the 
aecium | of Unedinopsis and the cecium IL of Uromyces is very 
significant. Aeciospores of both groups have the same celi-wall 
structure, are formed in chains, and possess intercalary cells. Fur 
ther evidence of the relationship between aecium [ and aecium I 
can be obtained from hologenetic considerations. 

lhe question of a genetu relationship between Pucciniastraceae 
(aectum 1) and Pucciniaceae (aecium IL) is one of the most 


fascinating problems, not only in the phylogeny of rust fungi, but 
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also in the origin of angiosperms, and should be discussed in 
another article. 

The roestelia of Eugymnosporangium is a new sporulating form 
among the rust fungi. In spite of a marked difference in its 


morphological structure, this type has a clear phylogenetic and 
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Fic. 3. Genealogic tree of Sorosporae. Encircled numbers ; 


which may be connected with geological time table (s 


hologenetic relationship with the aecium. Iexcept some protu 
beroid forms, the main part of the subtypes of roestelia can be 


derived from the still living ancient cupulate sori of Gymnoteliun 


RELATIONSHIPS AMONG THE DIFFERE? 


CONTFEROUS RUSTS 


The existence of a close relationship between different group 
of comferous rusts on the .\bietaceae seems to be beyond doubt 
Phe morphological structure of the aecia and aeciospores (see 
above ), the coincidence of thet Inological specialization, and the 
geographical distribution of present forms makes the 
these rusts from a common ancestral group highly probal 
spite of many controversies about the structure of their teliospores 
most of the taxonomists at present are combining all coniferous 


rusts into a single grouy But even the great variation of telio 
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can now be interpreted as a result 


lencies within the same group 


tend 
In spite of a close relationship among the coniferous rusts 
the existing groups can represent the prototype for these rusts 
\ll recent genera and families of these rusts have been, for many 
ves, parallel evolving groups, each without ancestral rights 
the recent suborder of coniferous rusts 
Phe often used name “Melampsoraceae” for the coniterous 
is rather confusing, and from the phylogenetic standpoint, quite 
untenable The genus JJelampsora, which is characterized by 


aeoma |, is a new, partly regressive trend, and cannot be 


sidered as either a prototype or an ancestral group, for these rusts 


Gaumann (6, p. 329) has already abandoned the old viewpoint 


and preserved the name “Melampsoraceae” only for a restricted 
group of coniferous rusts, the bearers of cacoma | But every 
rroup of these rusts preserved some of the traits of their archai 
ancestors \ comparative study of recent Yroups im connection 
with phylogenetic and hologenetic trends amone thes 
their hosts enables us to restore the morpholos 
ancestors 

Ina former article (Leppik 10) it was suggested that all fami 
lies of coniferous rusts that had a prevalent tendency to close their 
main forms of spores into detinite sori, be united into a suborder 
Sorosporae 

Phere is some heuristic value and also some = practical 
providing the ancestral group of Sorosporae, the bearer 
aecial prototype, with a provisional name Soros pora 
in the late \esophy ti is beyond doubt 


In view of the recent rich flora of the suborder Soros 


is not difficult to establish the main morphological char: 


of the ancient Soros pora Most typ al ot Sorospora 1 


tion Of spores IM spec tally protec ted sori except basidiospores, a 


other spores are covered with a pseudoperidium and are embedded 


in host tissue Peliospores are, in the beginning of this new evo 


1 


lutionary trend of rust fungi, disorganized in the host tissue, 


have the clear tendency toward the well-organized subcutict 


] 


orl Urediniosor: are also covered with a pseudoperidiua 
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Awmiphiospores may be assumed for Sorosf 


typical for some lower coniferous rusts, 
appearing im highe r tors 


In this image of combined sporulating forms 


reflected a picture of an archaic climate from. the 


lera \ moderately dry spring and summer are the necessars 
requisites for the evolutionary development of a protective pseudo 


peridium of aecio- and urediniosori \ moderately cold winter 1 


required tor the genesis of the different tvpes of teliospores whicl 


are represented in the suborder Sorosporac Phe variation of the 
tehospores further mirrors several subtypes of the winter climate 


of the past 


Pik PLACK OF ORIGIN OF CONTEFEROT 


\ccording to the avallable material and the above pres¢ nted cor 
clusions, some assumptions can be made about the 
of the coniferous rusts 

\Il main soral types of suborder Sorosporae reflect in their struc 


ture a temperate or subarctic climate, which weat 


nay also be assumed for the development of ance 


1 


Phe aecio- and uredosori are covered by a well-d 


peridium, which protects the maturing spores ag: 


the spring and summer, 1.e. the seasor 


] 


Phe morphological structure of the teliospores and SIO! 


the tehosort in the host tissue mirror the different accommodation 


e occurred to protect these Spore aval 


in winter Phe ongin and development. « 


] ] 


SCUCOPeriaquy I) a Test climate or ob winter 


tropics, would |] quite improbable Neithet 


mnagine tne orlgin ot eply rooted heteroect 


mit climatic season 


Phe historical development and recent geographical 


of \bietaceae exclusively in the Northern |lemisphere 


rigin and living are: le conifers 
their host plants 


| nder thre se ce 
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\merica, which provinces had a tropical climate up to the nnddle 
of the Cenozoic Era. Sorospora detinitely could not arise in the 
paleotropic Europe or America, where the weather conditions have 
heen quite unsuitable for this fungus until the late Tertiary Period. 
\ccording to the paleontological records occasional climatic pre 
requisites existed in the recent arctic regions during the Jurassic 


and Cretaceous Periods. 
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Ie 4 Phe hologenetic ladder of biological specialization oO 
According to this ladder the phylogenetically oldest: species of 
Velampsora stage form the aecia on d/tes and teliospores on ferns 
next stage of /’ino Vi ampsora connects the \bietaceae with the 
further, the youngest species of the Neo-.\Jelampsor 


Salicales to the higher angiosperms. (From Leppik 
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It is quite certain that the birthplace of ancestral Sorospora was 
in the fir-fern forests of Proto-Abies in the Northern Hemisphere 
Both host plants, Proto-Ales and a young fern group of Polypo 
dic: -ae, adjusted themselves to live in the northern temperate 
provinces where they formed extensive tir forests, with ferns as the 
main undergrowth This is clearly demonstrated in the biological 
specialization of Pucciniastraceae (see above). Other conifers of 
the Taxodiaceae and Araucariaceae could not live in the territory 
of fir forests. The invasion of coniferous trees toward the north 
was continued by the formation of spruce and hemlock forests, the 
habitat of Chrysomya 

\ccompanied by JJelampsora, the genus Larix could force its 
way still farther north to the moist subarctic regions. In the holo 
genetic ladder of Melampsora is mirrored the historical develop 
ment of the tamarack forests. Into the mixed = Lariv-Salta 
Populus forest enter gradually a number of angiosperms: Saat 
fraga, Ribes, Allium, Calanthus, Evonymus, Viola, different Orchi 
daceae, et (see iG. 4) 

\fter the cooling of the northern hemisphere during the Ceno 
zoic Itra, the coniferous forests shifted southward and reached 


their present location probably in the end of the Tertiary Pertod 


SOME VIEWPOINTS ON THE PIDYLOGENY OF ABIFTACEAI 


No one today doubts either the close relationship between the 
conifers -lbies, Picea, Tsuga, Larix, Cedrus, and Pinus or their 
origin from common ancestors Taxonomists are combining. all 


these genera into a single family Abietaceae, recognizing, with this 


name, the priority of -Ibies in the whole group. Less definite, and 


more misleading, is the formerly used family name Pinaceae Phe 
genus Pinus cannot be considered as a type for the whole group, 
but is rather a specialized side line in the evolutionary trend of 
Proto-Abies 

Phe common origin of the Abietaceae from a single ancestral 
group is further demonstrated in the close relationship of coniferous 
rusts, which are deeply rooted in the main genera of these conifers 


(see above -P 


The phylogeny of the conifers has already been considered by 


many students and described according to the rich flora of their 
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In. Irmscher, R. Krausel, W. Studt, W. Gothan, | 
Berry, R. Florin and several other paleontologists Phe author of 
this article studied the evolution of conifers in connection with the 
veny of their rust funy Some preliminary reports about 
work are published in several tormer papers (Leppik 8, 9, 10 


11, 12, 15) 


li the ancestral group of recent Alietaceae is provided with the 


provisional name Proto-Abies, the following preliminary. sketcl 


may be outlned according to the research records mentioned above 


PABLE Tl 


Historical DEVELOPMENT 


- | 


ibare tie 


moderate 


1 mperate 
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Prot Lhve 


Temperate 
mull temperate 


t 
Subtropr 

Ii we restrict the use of the name Proto-.lbhies only to a detinite 
phylogenetical group, which gave rise to the recent family of 
\lbretaceae, several concrete conclusions can be made about this 
ancestral group according to existing genera and their petrified 
remnants \side from their individual differences, all existing 
genera of \bretaceae have many common traits that they inherited 
from their ancestors, te. frem Proto-clbies \ll existing genera 
of \bietaceae inherited also from the Proto-lhies their rust fungi, 
a group of highly specialized parasites, which have accompamied 
their hosts since their early beginning Phe phylogeny and bio 


1 


logical specialization of the rust fungi therefore help to trace the 


historical pathway of conifers, and to establish the relationships 


between different groups of their host plants. The different soral 
types of the rust fungi indicate further the special climatic condi 


tions that are responsible for their appearance (see 
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\ccording to these considerations the pli 


7 


lhies could be | ] 


located on the northern hemisphere where all recent 
\bietaceae still live There is clear evidence that the historical 


development of .\Dbietaceae was an evolutionary trend aniong. the 


conifers trom a subtropic area toward the boreal one his trend 
is also reflected in the development of a protective covering in the 
sporulating forms of accompanying rust fungi (see above) \n 
other trend was directed from moist soils toward the dry climate 


] 


kor Proto--lhies can therefore be assumed Id 


a mile temperate 
or subtropic area with well-established climatic seasons Phis can 
he concluded from the well-protected sori and heteroecism of Soro 


ln he 


spora \ further indication of the climatic seasons may 
annual rings of some Protoalietinac Phat the annual rings are 
caused by growing seasons, interrupted by winter and not by 
drought, can be concluded from the well-protected winter spores 
of Sorospora 

\ccording to these prerequisites, the equatorial tropic formed 
climatic barrier toward the south, which neither Protoe-thies nor 
its phylogenetic successors could ever pass over, except in high 
mountam areas 

\ccording to veological record the whole territory of recent 
temperate \sia, europe, and America has had presumably during 
the whole Mesozoic [era a tropical climate. The area of ancient 
Proto- Abies can therefore be assumed to be still far north in the 
present arctics, where its first remnants may lie hidden under thie 
ice and snow Phe phylogeny of the rust fungi and of several other 

] 


groups of plants and animals poits in the same direction. Because 


of the severe weather conditions, hardened plants and tree re 


turned from time to time to more southern provinces, where the 


may also appear in paleontological records. These fugitive 


the arctic can now be traced according to their accompanyin 

fungi, whose spore forms indicate their northern origi 
\nother assumption about the place of origin 

fanuly somewhere in the paleotropic mountains 

evident Neither .\bietaceae nor their rust 

tvpes ; these are common to the © upressacene 


num (leppik 9. 14) 
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lo be sure, Proto-Abies has, in ancient times, had several related 
groups with which it has had common, but still earlier ancestors, 
probably from the group of Prototaxodiaceae. ‘These intermediate 
forms between Abietaceae, Taxodiaceae, or Araucariaceae, re- 
spectively, are arranged by R. Krausel and W. Eckhold to an 
indefinite group of Protoabietineae. © - Proto-Abies would be 
a definite phylogenetic group of Proto, rietineae, containing the 
ancestors of recent .\bietaceae 

Some of these groups of Protoabietinae could have been infected 
with Sorospora-related rusts. There has been found an aecium 
fossil on Glyptostrobus, which is very similar to our aecial proto 
type 

Some of the ancient Protoabietineae also reached the southern 
henusphere. Cupressinoxylon Krauseli tckh. from Argentine in 
Jurassic, Pityoxrylon Kurtz from Patagonia in Cretaceous, [’lano 
vrylon Hectort Stopes from New Zealand in Cretaceous, and an 
uncertain find from Australia by von Ettingshausen, are some 
examples. But all these ancient conifers lived outside of the 
Proto-Abies area, became extinct without further successors, and 
cannot therefore have any direct phylogenetical relationship with 
our recent 1/tetaceae 

The time when the Proto-Abies tirst appeared may be assumed 
to be in some part of the Triassic Period, from which fossils of 
Protoabietinae are found in several parts of the northern hemi 
sphere 

There is a remarkable similarity in the phylogenetic development 
of Abietaceae and their rusts, which fact can be best seen accord 


ing to the corresponding Tastes I, I, ff and Fics. 1, 2 in the text. 


THE HISTORY OF CONIFEROUS RUSTS 


The historical pathway of the rust fungi begins with the lowest 
forms on ferns, continues its course over gymnosperms to the lower 
angiosperms, and finally reaches its destination on the upper groups 


of angiosperms (see Fic. 2). On this long road, the conifers play 


an important role in connecting the lower rusts on ferns, and their 


highest forms on angiosperms (encircled area on Fic. 2). This main 
phylogenetic trend of rust fungi is clearly exposed in their biological 


specialization. It can also be traced back phylogenetically and holo 
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venetically Some of the oldest fern rusts still live on their paleozor 


host groups and have also preserved their ancient forms of spores 


(on the contrary, the medieval rusts prefer to mbhalit the gymno 
sperms; whereas the modern forms of these fungi are exclusively 


distributed on angiosperms. The relative phylogenetic age of 
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certain groups of rust fungi can now be determimed according to 


s¢ veral hologe netic ladders, and some cases ot unilate ral pleophagia 


and their irreversible nological specialization ( Leppik 8, 10, 12, 15) 


Phe evolution of coniferous rusts is strictly dependent upon 


the historical development of their host plant livery new group 


among the host plants provides a new opportunity tor the rusts 


and the evolution of the \lnetaceae provides the pathway on which 


the coniferous rusts have to evolve The comparative study of 





64 Mycorocia, Vor. 45, 1953 


the phylogeny of the conifers therefore helps to solve some of our 
problems ( Leppik 11). 
The rich flora of petritied fossils among the Abietaceae enable 


one to connect the phylogeny of both conifers and their rusts with 


the geological time table. Uredineae sorosporae will probably be 


one of the first groups among the rust fungi whose phylogeny can 
be established with descriptive methods and whose history can be 
provided with some chronological dates (see Fic. 3). 

On conifers, a number of old rust forms have survived which 
enable us to reveal the phylogenetic threads between some older 
groups of these fungi. It is very remarkable that on the fir trees 
of the genus Abies are found the oldest heteroecious rust forms, 
which still preserve their teiiospores on ferns as Milesia, Uredi 
nopsis and Hyalopsora (iG. 1). 

Other coniferous rusts: Chrysomyxaceae on related Picea and 
I'suga, Peridermiaceae on Pinus and Cedrus, and Melampsoraceae 
on Larix all reveal characteristics of more advanced forms and 
evolve their teliospores on angiosperms. 

This fact indicates that Abies should be considered as one of 
the phylogenetically oldest genera in its family, which viewpoint 
is, however, not in accordance with paleontological records. The 
petrified fossils of Pinus and Picea are known from the Triassic 
and Jurassic Periods, whereas these of Abies only since the Cre- 
taceous. ‘The late appearance of Abies in the paleontological rec 
ords may be explained by the fact that fir cones are extremely 
fragile and do not produce petrifications. But to identify the fir 
tree fossils only by wood remnants is very uncertain. Therefore, 
other indirect ways must be used to determine the phylogenetic 
history of the fir tree. 

Another indication of the old age of the fir tree may be the unt 
lateral pleophagia (polyphagia) between the rusts on genus pies 
and numerous fern plants of family Polypodiaceac. By the irre- 
versible development of biological specialization of rust fungi (Lep 
pik 14) it is impossible to imagine that so many rusts from numer- 
ous fern genera have joined together to form their aecia on Abies. 
More reliable is the opposite supposition that a group of rust fungi 


from Abies invaded many representatives of Polypodiaceae, in 
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which case the genus Abies must be considered phylogenetically 
older than the Polyp \diaceae 

Some more indications for the phylogenetic development. oi 
coniferous rusts have been discussed in former articles (Leppik 
10, 11, 12). 

\n attempt is made in Fic, 3 to sketch the phylogeny of the 
whole group of Uredineae sorosporae. In the Jurassic Period 
Sorospora was split into several new strains and groups. Some 
of these groups: Pucciniastreae and Chrysomyxeae preserve their 
main characteristics and their way of biological specialization 
Other groups have a clear inclination towards different ecological 
conditions on specialized hosts. 

Peridermiaceae (Coleosporieae and Cronartieae) on Pinus and 
Cedrus are specialized for extreme dry, and Melampsoraceae on 
Larix, for a moist climate. They lost their contact with ferns and 


have found new hosts for the teliospores, from different groups of 


angiosperms, 


Pik BIOLOGICAL SPECIALIZATION OF CONTFEROUS RUSTS 


The study of biological specialization of rust fungi among some 


groups of host plants enables us to determine the period when 


these hosts first were infected by rusts during their phylogenetic 
development 

These periods of infection can be further determined by observ 
ing when the concerned host groups have split into new forms 
If there are enough fossils for study, as in the case of Abietaceae, 
the periods of infection and the time of splitting into new forms 
can be connected with the geological time table and the relative 
age of studied groups can thus be determined. 

These comparative studies can disclose most valuable facts about 
the phylogeny of both rust fungi and their host plants, and can 


provide some new viewpoints for scientific criticism 


Some points in the phylogenetic development of coniferous rusts which can 
connected with a geological timetable (Fc 


\n ancestral group of blister rusts, which formed its aecia on a group of 


ancient conifers, can be assumed to have existed i! 1 and Triassic 


about 240,000,000 years ago Peliospores have presumably been formed 


on terns 
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Phe splitting ot 
formation of new phylogenetic grot 
Jurassic period, some 200,000,000 years ago his point can be assumed 


ly approximately according 


on to fossils, which show well differentiated 


groups ot \bietaceae since the be vinning of the © retaceous Peri ul 

Phe separation of Coleosportum from Cronartiae can be more 

dated chronologically to the Jurassic period, when Pinus was 

the subgenera //aploxylon and Diploxylon. Cronartium is evidently 

its numerous species inhabit both subgenera of Pinus. Coleospe 

restricted to the subgenus Jiplorylon, but invades also Cedrus 

Velampsora and Melampsoridium hi xisted as independent 

since the splitting of the Betulaceae into Betula, Populus and Salta 
period, about 150,000,000 years 

The formation of Thecopsora occurred 

trom olha nm ( retaceous 

Phe separation of Melampsorella trom //1yalopso occurred 


tormation of Caryophyllaceae and Boraginace: ( retaceous 


Pik HOLOGENESIS OF RI 


\ll genetically related) groups of organisms, species, genera, 
families, ete., no matter how heterogeneous they are or where they 
live, are united ina phylum. The genesis and historical develop 
ment of a phylum is called phylogeny; it provides the essential 
foundation for taxonomy 

\ phylum, however, cannot exist alone, because its lit 
evolution is dependent upon other groups and upon its et 
ment In fact, a number of species from different phyla, even 
from different kingdoms, live contemporaneously in the same 
environment, forming certain asso lations, communities, brocoenoses 
or other combinations. No matter what their phylogenetic origi 
is, nor where they come from, they have to live together and 
adjust themselves to each other 

Since the early beginning of the organismuc world, animals have 


heen dependent upon plants for their source of food But plant 


life is conceivable only by the coexistence of animals, who prepars 
the food for the plants and serve other essential functions such as 


pollination, seed distribution, et Most phyla of organisms are 


not only biotically interdependent, but such interdependence 1s an 


The ! 


evolutionary causative agent ol prime importance 
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relationships 
I wether as a 

\ccording to a proposition ot F \lerkenschlager, the reCTICSIS 
and historical development of the biotic whole may be called 
ologen It provides the essential basis for fypol 

Considered in this way, the historical ce 
iryanism is governed by two different groups 


jonetic and 


hologenetu Both act independently 
and are attempting to enforce the evolution of the organism inte 


different directions, as follows 


Phylogenetic viewpoint 


Phy loge netic trend 


| 


| 


Hologene tic trem 


| he ( volution ol 


components (Leppik 15) 


In our case the hologenetic trend I | 1] lependent 


upon the evolution of their hosts XIst S mpossible 
without host plants and the « 
is compulsory tor the 

Phylogenetically, 
phylogenet charact [ : <a hasidiospore 
fore very constant However, they have to follow their 
evolving host plants and adjust themsel » ditferent 


conditions, from the extreme trop 


plastr li to form new 
1 1 1 
sor. to different climatic conditions 
Descriptive hologen s mainly conce 
principle of interrelationships between 


the interdependence 


othe he s¢ 
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symbiotism and antibiotism, synagonism' and antagonism, mu 
tualism and commensalism, etc. In many cases the organisms are 
dependent upon each other simply as producers and consumers 
Analogically with the relation between phylogeny and taxonomy, 
hologenetic studies provide the foundation for organismic typol 


ogy (16). 


HE PHYLOGENETIC CHARACTERISTICS OF RUST FUNGI 

The most typical phylogenetic characteristics of the whole order 
of rust fungi are their peculiar way of forming the basidium, bear 
ing single-celled basidiospores, and a constant alternation of 
generations. These characteristics are constant for the whole 
order and do not change much during the evolution of these fung1 
Their history is long, presumably covering more than 300,000,000 
years. 

The tender basidia and basidiospores of rust fungi presumably 
were formed in the tropics during the carboniferous period of the 
Paleozoic Era. Their formation demands a moist tropical climate 
with a high temperature. According to Gaumann (5, p. 546), 
the basidia of Jola javensis, from the related order of Auricu 
lariales, are formed in the damp mountain forests of West Java 
with an optimal air temperature of 18° to 26° C. and a relative 
humidity of not less than 90 per cent. These conditions prevail in 
the rainy season on the moss carpet between the undergrowth, 1n 
the late morning to afternoon. After an hour in free air, with a 
relative humidity of 70 per cent or a temperature below 15° ( 
the fructification stops. 

The rust fungi preserve their tender basidiospores and_ their 
tropical way of formation even after the long journey from the 
tropics to the arctic. The relative moisture and temperature, 


necessary for the formation of basidiospores in the arctic, differs 


only by some few degrees from that of the tropics. To survive in 


the arctic, the rust fungi had to develop several new forms of spores 
and sori, some with very thick cell-walls. But presumably every 
arctic rust can survive, where its host turns back to the tropics 
These secondary tropic rusts are highly confusing to the taxono 


1 Synagonism (opposite to antagonism) is a special case of mutualism, a 


ymbiotism where the partners are not bound bodily (lLeppik 15, p. 11 
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nust, but offer an excellent opportunity to trace the phylogenetic 


pathway of both the rusts and thetr host. 


PHE HOLOGENETIC CHARACTERISTICS OF RUST FUNGI 


One of the most plastic spore forms is the teliospore of rust 
fungi. In a cold climate they have to fill the ecological task of 
hibernation and have to adjust themselves to extreme conditions 
The evolutionary trend of teliospores can therefore not be directed 
only by inside phylogenetic forces, but is governed by outside holo 
genetic factors. By their restricted phylogenetic value the telio 
spores deliver perfect characteristics for tracing the hologenetic 
pathway of rust fungi. In smaller groups the hologenetic chara 
teristics of teliospores are fixed phylogenetically and can be used 
for identification of genera. 

Aeciospores are characteristic of the heteroecious rust fungi of 
the colder and drier climate. The single-celled aeciospores are 
stable, but their sori are adjusted to protect immature spores against 
drought. They provide very good characteristics for judging 


climatic conditions and hologenetic tendencies of the rust fung1 


Pitk IRREVERSIBILITY OF BIOLOGICAL SPECIALIZATION 


\ new rust form adjusts itself regularly to some new group of 
host plants, which is phylogenetically younger than the host plants 
of its origin. 

This rule was first observed by W. Tranzschel and contirmed by 
P. Dietel and Leppik (14). Both workers, Tranzschel and Dietel, 
used this rule to predict the unknown partners for the life cycle 
of heteroecious rusts. In fact they could establish a number ot 
aecidial hosts and add greatly to our knowledge of the life cycles 
of several rust fungi 

Krom Tranzschel’s rule can be concluded the irreversibility o 
the biological specialization of rust fungi (Leppik 14) When a 
new fungus form is adjusted to a new group of host plants, its 
successive generations do not return to their old host plants. ‘This 
rule is most valuable for the phylogenetic studies of both rust fungs 
and their hosts. In the heteroecious rust fungi, the irreversibility 


of specialization leads to the peculiar “hologenetical ladder.” a 
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was first demonstrated by \Jelampsora (Lepy _ and then by 
Gymnosporangium (Leppik 9, 14) and is also evident in Puccinia 
ceae (Leppik 8) 


The evolution of the rust fungi is closely connected with an 


exactly fixed irreversible alternation ot generations, as follows 


haplophase > dicariophas > diplophase 
, CC ——7 |< 
Ikach of these phases ends with a cytological change of nuclei 
plasmogamy (1), cariogamy (C) or division of reduction (R) 
In autoecious rusts, both the haploid (gametophyte ) and dicarioid 
(sporophyte) thal live on the same host plant; in /heteroecious 


forms each generation has a different host (see Gaumann 8) 


TABLE IN 


HoLoOGENETIC LADDER OF MELAMPSORA (AFTER LEPPik, 1948 


Hologer 


sf4clams We 


luto-Melan psora 7 leliospores on angios] Sporoy 

t t t 
Velampsora \eciospores on angiosperm Gametophy te 

t t t 


fico Velamp ore * le lhospore son Salicale Sporopl 
t t 


\eciospores on Pinaceae 
¢ 


Prote- Melampsore @ lehospores on tern 


By regular evolution the heteroecious rust fungus cannot change 


1 


both its hosts at the same time (One veneration must kee] 


group of hosts until the other generation is well established 


new host Phen the first generation frees itself from the 
and chooses some phylogenetically younger group ot 
new host 
In this way, the rust fungus with its two generations, spo 
and gametophyte, climbs the hologenetic ladder of evolution 
hy step \ sketch of a hologenetic ladder of \/elampsora 
in TABLE IV and Fic. 4 
It is possible to connect the single steps of a hologenetie ladder 
with a geological time table and reconstruct a hologenetic time 


table for certain groups of rusts. Several ladders of different rust 
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groups may be united to form a permanent hologenetic system 
(Leppik 12) 

Using hologenetic ladders of ditferent rust groups in connection 
with the phylogeny of their host plants, it 1s possible to construct 


a schedule of the historical development of a whole group 


Fic. 4, small circles refer to aecia, black dots (@) to teliospores Phe 
dots within circles point to rusts with both aecia and teliospores on the 


same host plant 


Some subgeneric groups of Melampsora are marked with solid and broken 
line > and may be ( harac te rized is follows 


Urediniospores rounded, teliospores subepidermal 


Urediniospores rounded, teliospores subcuticular 
Urediniospores elongated, teliospore thepidermal 
Urediniospores elongated, teliospores subcuticular 


’ A ’ 
t studied pec 


| 
Ll. alteti-caprearun 

iprearum Kleb 

medusae Thuem 

Arth., 11. medu 

ribesn-viminalis k ( Kleb 


mW idalinae Kleb 2 t-salicts a w Kleb 


rostrupt Wagn., 24 cherrima (Bubak) Maire 


26. orchidi-repentis (Plow Kleb nynu-caprearun 
ponum Lindf, 29 Niess] 
tthartict Buchl 
dulcis Otth., 


Mueller 


SOME CONCLI 1a 


Che idea of studying the phylogeny of the rust fun; 


tion with their host plants is by no means a new one \\ 


schel (1918), .\. Mordwilko (1922) and P. Dietel (1936) tool 
some of the first steps in this direction and a numls other 
workers in nology have pointed to the great value and 


of such studies Phe main obstacle that hindered this worl 


I 


absence of a detinite phylogenetic basis and the 


method for these studies | he prol lem that 


ombine and coordinate the phylogeny of two 
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tant groups as the rust fungi and the higher plants. ‘The absence 
of fossils makes the restoration of the past history of the rust fungi 
extremely difficult 

\ new way has been found to study the phylogeny according to 
“living fossils’ (Gaumann), which are abundant among the rust 
fungi. lhe rusts are, in fact, a very special group among plants, 
and have preserved their ancient traits beside those newly acquired 
characteristics of modern types. 

The hologenetic studies help to establish the relative phylogenetic 
age of different interrelated groups of organisms, even in cases of 
distant phylogenetic relationships. The trreversthility of biological 
specialization of rust fungi (Tranzschel, Leppik) enables us to 
establish the hologenetic ladders (Leppik), which reflect the real 
evolutionary trends and progress of the groups they represent 
lhe ladders of different groups may be united to form a permanent 
hologenetic system which can be connected with a geological time 
table. In several cases of unilateral pleophagia (Leppik 11) it is 
also possible to determine the relative phylogenetic age of different 
groups of host plants which the rusts inhabit. In this way it 1s 
possible to trace the very obscure history of the rusts and to re 
construct main outlines to the phylogeny of one of the most difficult 


and diversified groups of fungi. ‘The method is simple and easily 


applicable, whereas the results can be controlled and improved at 


any time according to living specimens 

The hologenetic method of consideration is not based upon pre 
sumptions or hypothesis, but is a very reliable way of describing 
objects and facts exposed in nature 

Both phylogeny and hologeny have the same aim: to picture the 
historical development of organisms according to present forms, or 
using for this purpose petrified remnants. But both these trends 
have different viewpoints. 

Phylogeny studies the historical development of a certain geneti 
cally related taxonomic group, from the phyletic standpoint of view 
Hologeny traces the development of interrelations of genetically 
not related typological units, from the holetic viewpoint of the biotic 
whole or holon. 

The perception of these two disciplines offers two different 


methods in the contemplation of the historical development of 
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organisms that lived in the past and cannot be seen or described 
directly 

The accuracy and completeness of our picture of the actual 
course of evolution is enhanced when we view it hologenetically 


as well as phylogenetically. 


} 


To be sure, only some few groups of rust fungi have been studied 


up to this time from the hologenetic viewpoint. The whole pic 
ture is still incomplete and the evolutionary schemes as they are 
presented in this article need corrections as soon as the other rust 
groups are studied. 

The purpose of this article is to present some results for further 


criticism and to win more workers to this new field 


AUGUSTANA COLLEGE, 


Sioux FAtits, SoutH DAKOTA 
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SHORT-SEASON ADAPTATIONS IN THE 
RUST FUNGI’ 


Intensive botanical work in northern Canada in recent vears 
particularly by members of this Division, has led to an increase 
in our knowledge of the parasitic fungi in the arctic and subarctic 
regions leach year since 1948, specimens of rusts have been ob 
tained both through intentional collecting and through the scrutiny 
of all northern phanerogamic specimens acquired by the Division 
\Ithough such specimens are of great value in adding to our know! 
edge ot distribution and host range, they inevitably lack much of 


the data that would enable a mycologist to understand the Iiology 
of the species concerned Vhis fact was forcib] pressed upon 
me upon exanuning the rusts secured from) four northern area 
in 1948 | was, therefore, glad of the privilege to serve during the 
three succeeding summers as botanist with Northern Insect Su 
vey parties at Great Whale River, { Due on the southeast coast ot 


Hudson Bay, at Chesterfield Inlet, Keew., on the northwest shores 


Hudson Bay, and at St. Anthony near the northern tip. ot 


Newfoundland 

Great Whale River is a tree-line station with typical arctic tundra 
long the coast but a rapid transition into spruce forest in valley 
a few miles inland 

Chestertield Inlet is a truly arctic station, although about 229 
niles outside the arctic circle. It is about 300 miles beyond the 
accepted tree line, and probably nearly 200 mile from the last 
outlying clumps of spruce Phe area consists of severely glaciated 
eranite gneiss with a maximum altitude of less than 100 feet for 


several miles inland, ina bleak, wind-swept region witl 
Contribution 


Jepartment 
Mycologt 
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severe Climate. Southern elements in both flora and fauna are 
fully as scarce as at some stations much further north; several 
ferns are absent that occur abundantly in more rugged terrain 
some 300 miles northeast in the Melville Peninsula; and many 
plants are extremely depauperate. 

St. Anthony lies in the part of the northern peninsula of New- 
foundland that is north of Hare Bay. All this area is within seven 
miles of the sea. It is in consequence wind-swept and the trees do 
not attain great size; but it enjoys a much longer frost-free sea 
son than Great Whale River. Perhaps because of these circum 
stances the flora shows a curious mixing of southern and high 
arctic elements. Abies balsamea, which is absent from Great 
Whale River, is abundant, as are several weeds that have been in 
troduced at Great Whale River but have failed to become 
established. 

These three stations may fairly be taken to represent tree line, 
the arctic and the northern transitional forest respectively. The 
latter is in some respects a mosaic of tundra and boreal forest, 
rather than a true vegetation zone; but the transition is in many 
places of great depth and the forest usually poorly developed and 
not wholly typical of the boreal zone. Its recognition accordingly 
seems desirable. From field observations at these stations it has 
been possible to determine the approximate northern limits for 
rusts of different types and to study some of the adaptations that 
permit various species to persist despite a short season. Rusts 
with such adaptations are by no means confined to the north, but 
their predominance there is overwhelming. The adaptations are 
sufficiently varied and striking to merit consideration in some 
detail. 

The distribution data of some species used as examples are 
naturally considerably at variance with those given in existing 
floras. Details of distribution will be given in later taxonomic 
papers. 


PUCCINIACEAI 


In temperate regions a substantial proportion of the rust fungi 


have a life cycle nearly or exactly like that of a heteroecious, long- 


cycled Puccinia, shown diagrammatically in Fic. 1. In the spring 
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RUST LIFE CYCLES 
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the overwintered telia germinate, the basidiospores produce pycnia 
on the alternate host, the dikaryon is re-established and the aecia 
are formed. These stages function mainly to effect gene recombi 
nation, but the aecia have a secondary function in aiding dispersal. 
Phe urediniospores are conidia, serving to disperse and propagate 
the rust 

In southern Canada and the northern United States there is 
time for several uredinial generations ; consequently the aecial and 
telial hosts may be separated by a considerable distance, and the 
association between them is not always obvious \s we go far 
ther north the time available for uredinial generations is progres 
sively decreased, and lower prevailing temperatures greatly slow 
down the rate of development. The decreased opportunity for 
Inuld-up of the population makes survival impossible unless the 
alternate hosts are very close together \ number of grass 
sedge rusts occurred at St. Anthony, but their soread was usuall 
limited to two to six feet from the aecia and there appeared to have 
been an average of only about one full generation of uredinia be 
fore the formation of telia \t Great Whale River several Carea 
rusts occurred, but generally there was only a partial uredinial 
veneration overlapping the formation of telia, and infection was 
usually limited to within a foot or so of the aecia Phe only 


obligately heteroecious grass rust at Great Whale River was Pm 


cimia praegracilis var. connersi \s has already been indicated 


(5, 6) the few uredinia and telia formed were almost contiguous 
with the aecia It thus appears that tree line is about the limit tor 
heteroecious, long-cycled species. It is probable that in a succes 
sion of favorable years such a rust may invade the barrens for a 
hundred miles or more, only to be foreed back by the tirst poor 
SCason., 

\n example of an unsuccessful invasion of the barrens was 
noted at Chesterfield Inlet in 1950 \ scattering of aecia was 
found on the leaves of Ranunculus pallasii ina shallow pond, but 
only on plants contiguous with the aquatic grass Colpodimm fulvum 
The rust is suspected to be a strain of Puccimia rubigo-vera spe 
cialized upon these two plants of similar habitat, and its normal 
range will probably prove eventually to be in the northern trans1 


tional zone, much of which 1s still botanically terra incegnita In 
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1949, a favorable season in much of the arctic and subarctic, 
uredinia were probably formed in quantity and enough reached 
Chestertield Inlet to give a trace infection of telia. In 1950 the 
spring was late and on 9 August the aecia were just starting to 
open; most were open by 19 August, but by then the growing sea 
son was coming to a close. Growth of all plants seemed to have 
stopped by the end of the month and the Colpodium plants were 
ripening without any sign of infection. No further observations 
could be made, but it seems inconceivable that any telia could have 
matured under the cool conditions with frequent frosts that prevail 
in September. 

The virtual suppression of uredinia as tree line is reached is not 
an adaptation, of course, but an inevitable and serious consequence 
of the environment. However, one characteristic is shared by 
Puccinia praegracilis and the unnamed Aecidinm that may be 
interpreted as a short-season adaptation. In both these rusts 
there is a complete lack of pyenia. Presumably both species are 
self-fertile. The loss of pyenia actually represents more than the 
attainment of self-fertility ; it is tantamount to the loss of all chance 
of cross-fertilization. This serious sacrifice could) probably be 
borne only in well-adapted, successful species. It is likely to oc 
cur most frequently where it has some compensating value. In 
these northern species it has a clear advantage in reducing the 
time needed for completion of the life evele. Puccinia sorght, tor 
example, needs about five days to mature the first aeciospores after 
mixing of the pyenial nectar, in the laboratory at 71° I. In the 
field, at about 55° F, it would probably require about ten days; 


and at tree line, with mean temperatures of about 45—-50° I, the 


requirement might be about 15 days fifteen days saved out of 


a growing season of about three months may allow some spread 
by urediniospores when it would otherwise be impossible 

There are various other modifications of the heteroecious Puc 
cinia type of life cycle, which, although also found in temperate 
zones, have evident advantages in the north. Several heteroecious 
rusts live over in the uredinial state on plants whose leaves remain 
green throughout the winter, obviating the need for proximity of 
the aecial host. ’uccinia poae-sudeticae is sutticiently abundant 


on Poa spp and Trisetun spicatum at various locations near tree 
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line to justify the belief that it may spread some distance into the 
barrens. LP. bistortae overwintered at St. Anthony mainly as 
telia, producing aecia abundantly on Contoselinum chinense and 
sparingly on Ligusticum scothicum; whereas Great Whale River 
it overwintered abundantly as uredinia, and no aecia were seen on 
the plentiful L. scothicum. ‘This rust is common on Polygonum 
viviparum far into the arctic in areas where no aecial hosts occur 
Possibly the abrupt ending of the growing season in the north has 
a physiological effect on the leaves that is conducive to continued 
production of uredinia, whereas in the south a gradual senescence 
promotes the change to telia. Other species in this category are 
P. caricis, which persists on certain Carex spp. near tree line, and 
P. obscura, which was recently found on overwintered Luzula 
leaves from Nome, Alaska lhis process is not short-cycling as 
the term is properly understood, but is a sort of optional short 
circuiting of the cycle. It is interesting to note that this is essen 
tially the same device as that which permits cereal rusts to persist 
in warm climates where teliospores cannot germinate 

The autoecious full-eycled rust presumably has a slight advantage 
over its heteroecious counterpart, since a higher proportion of its 
basidiospores and aeciospores may be expected to fall on the ap 
propriate plant. One example is Phragmidium arcticum, which 
was abundant enough on Rubus acaults at Great Whale River to 
suggest that it might survive considerably farther north; a second 
is l’romyces armeriae, which was heavy in two colonies at the 
same station. Closely related to the last type are the autoecious 
brachyeyveclu spe ies, best represented by Puccinia hieracn, which 
was plentiful at Chesterfield Inlet on Taraxacum pseudonorvegicum. 


\ further advantage may be confered by the systemic hal 


nt, as 
is shown by the occurrence of Uromyces lapponicus, with systemic 

perennial zecia but localized telia, on O.rytropts spp. near or beyond 
tree line at various stations. The initiation of systemic infection 
appears always to require quite exacting conditions, but in this spe 
cies the disadvantage seems to be offset by the prompt production 


of masses of aeciospores and a guaranteed survival even in years 


of very little plant growth. In point of fact telia of U. lapponicus 


were surprisingly scarce at St. Anthony and none could be found at 
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Chesterfield Inlet; and it 1s suspected that beyond tree 
often fail to deve lop 


Finally, the aretic and subarctic yield a number of short-cycled 


species ot Pucca and Uromyces, many of them wide spread and 


abundant. These may be of the firm-pedicelled Eupuccinia type 


in which the teliospores must germinate im situ, or of the Bullaria 
type with fragile pedicels, in which the spores may germinate when 
detached. The latter type enjoys some advantage over the former 


because the teliospores may assist in dispersior In each of thes 


types the mycelium may be localized or system The firm-pedi 


celled, systemic species are represented by Puccinia holboelli 


1 


which is fairly abundant on “lrabts and Draba north at least to tree 


line The firm-pedicelled, localized species are represented by P 


pulsatilla ; whi h occu4rs appre ( iably he vond tree line 3 pP arcnariwae 


which occurs frequently far into the arctic, and 2. grindeltae and 
P, millefoli, which extend at least to tree line. PP. drabae, which 
is relatively common at Chesterfield Inlet and has been received 
from other arctic stations, and U’romyces phacae-frigidae, which is 
known trom Alaska and Yukon, are examples of the systemic Bul 
laria forms. The best represented microeyclic forms are the loca 


] 


ized Bullarias, several of which occur far beyond tree line. [> 


amples are: Puccinia blyttiana (P. ranunculi) on Ranunculus peda 


tifidus,; I’. heucherae, P. passchket and P. saxtfragae-tricuspidata 
on Saxifraga spp.; P?. eutremae and P. oudemanst on Cruciferae ; 
and /?, mertenstae on Mertensia maritima, All the short-cycled spe 
cies listed lack pyenia and are presumably self-fertile. The majority 
attack rosette-forming or prostrate perennials (annuals are almost 
absent from the arctic ), in which the leaves largely remain attached 
until the following season. This provision guarantees that the new 
season's leaves and flower stalks develop in close proximity with 
the sori of the previous year. In the arctic none of these species 
seems to produce more than one generation of spores in the year 
although some, such as /?. arenartae and I’. heucherae, are freely 
leptosporic farther south. Here we have the ultimate simplification 

‘le, with persistence assured by the close proximity of 
the new host tissues to the source of inoculum, but little opportunity 


for extensive spread. It is easy to understand, therefore, why 1 
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fection is often very heavy in a single clump of a host plant but ab 


sent from clumps a few feet away 
The preponderance of short-cycled rusts in mountain areas has 


liscussed by Arthur et a/. (2), but the attempt by the same 


been ( 
authors to show north to south distribution of micro- and macro 
cyclic species in North America was less successiul, partly because 
the zones were too broadly delimited and partly because arctic at 

subarctic data were largely lacking. When data for the arctic are 
essentialy complete the microcyclic species will be found to out 
number the macrocyclic substantially ; and such macrocyclic species 
as do occur will almost all prove to have some auxilliary means of 


overwintering 
CHRYSOMYXA 


The genus Chrysomyxa provides interesting examples o 
season adaptations, as has already been indicated (4) 
shows the life history of a typical, long-cycled species such as C 
ledicola. All the stages found in a long-cycled Pucctnia are adhered 
to, but the times of year for their formation differ considerably 
These differences are possible because the telial host is always a 
plant with evergreen foliage. The rust overwinters on this host 
as a dikaryotic mycelium rather than as a telium. In the spring 
renewed growth gives rise to telia and uredinia nearly simultane 
ously Usually the telia slightly precede the uredinia, but a sir 
sorus sometimes produces both spore forms simultaneously 
the time that the sori are mature the new leaves of both Picea and 
the telial host are emerging from the winter buds; and the former 
become infected by the basidiospores, the latter by the uredinio 


1 


spores. Thus the processes of gene recombination and of dispersal 


and multiplication proceed simultaneously, telescoping the Ite 
cycle. In the south there may be additional spread by secondary 
uredinia, but in the north no uredinia are seen on the new leaves 
rhe infecting aeciospores and urediniospores simply produce over 
wintering mycelia. Two representatives of this group, C. empetri 
and C. ledicola, persist in the dikaryotic state several hundred miles 
beyond tree line. 

There are several modifications of the typical Chrysomyxa life 


cycle. C. pyrolae is systemic and full-cycled. The aecial stage is 
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systemic, but not perennial, in cones of Picea, and the dikaryotic 
mycelium is systemic and perennial in Pyrola and Moneses. The 
perennial mycelium assures the persistence of the rust, but the 
critical conditions for infection limit its spread \ecia are seldom 
abundant and the species is scarcer than several others in most of 
its range. It is boreal to subarctic in distribution. C. worontnt 
has a similar life history except that it has dropped the uredinial 


stage. The aecial stage is systemic in the young shoots of Picea 


> 


and the dikaryotic mycelium forms perennial witches’ brooms o1 


Ledum groenlandicum and L. palustre. The only North Ameri 
can records are from near Dawson, Yukon, Great Whale River, 
Que., and St. Anthony, Nfld. It was relatively common at St 
Anthony, but scarce at Great Whale River. C. woronini seems to 


be primarily a species of the northern transitional forest, but it is 


unlikely to prove common anywhere but in humid areas. Finally 


we have the microcyclic species, represented in North America 
by C. weirtt on Picea and C. arctostaphyli on Arctostaphylos uva 
urst. The latter is limited to the boreal zone by the distribution 
of its host. C. weirtt may eventually be recorded near tree line, 
but all records to date have been relatively southern. We must 
conclude that in Chrysomyxa the typical, full-ceycled species can 
cope as well with a short season as any modified type that has yet 


arisen. 
HYALOPSORA ASPIDIOTUS 


Another mechanism that achieves the simultaneous, or at least 
overlapping, production of the different stages is seen in //yalop 
sora aspidiotus. This rust produces amphispores, which germinate 
in spring, giving rise to uredinia and telia more or less simultane 
ously on the fronds of Dryopterts disjuncta in early or midsummer 
Although the teliospores germinate immediately, the aecta do not 
develop on Abies until the next season or next but one; but they 
finally open in midsummer. Thus the cycle is so telescoped that 
all spore stages occur more or less simultaneously, yet without 
sacrificing genetic plasticity. Although )). disjuncta is not a domi 
nant fern at St. Anthony, several colonies of //. aspidiotus were 


found. Aecia and 


’ 


uredinia sporulated freely in late July. I feel 
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confident that this species will eventually be found north to the 
lamit of Ahtes balsamea (about Hamilton Inlet, Labr.), and it may 


well occur still further north in the uredinial state 


MELAMPSORA EPITEA 


(ur last and, perhaps, most remarkable examples of short-season 
adaptations are to be found in the willow rusts of the genus 
Melampsora. This group is a great complex of intergrading forms, 
a detailed taxonomic treatment of which must be postponed for some 
time. As far as the study has progressed it appears impossible to 
follow Arthur’s (1) segregation of the complex into four species. 
The disposition even of many southern collections is difficult; but 
the numerous northern forms completely obliterate the presumed 
distinctions, and the situation is complicated by the fact that in the 
north aecia are rarely produced. At present it seems advisable 
to follow J@rstad (3) and call the whole complex Melampsora 
epitea (Kunze & Schmidt) Thuem., regardless of aecial host. As 
our knowledge increases it will probably be possible to set up sev 
eral vari tes on the basis of host relationship and small morpho 
logical distinctions. The only alternative seems to be to make 
species of the forms on almost every willow. 

hic. 3 and the following discussion apply particularly to the rust 
on Salix arctica and Saxifraga rivularis, in which all the illustrated 
complexities of the life cycle were demonstrated at Chesterfield 
Inlet. It is, however, fully applicable to any other arctic forms 
that possess an aecial stage, since it is fairly certain that Saxifraga 
spp. are the only aecial hosts beyond tree line; but for many forms 
no aecial connection has been demonstrated, and in some _ the 
ability to produce one may have been lost. 

rhe telia form in late summer and germinate in the spring. The 
basidiospores infect the Saxtfraga plants, probably in the apical 
meristem just as growth starts, and produce systemic-perennial 
mycelia. Because pycnia are produced in abundance before the 
aecia appear it seems reasonable to assume that the mycelium 1s 
monocaryotic at least in the aerial parts, but no cytological study has 


been made. The aeciospores infect Salix leaves, producing a di 
Ss 


karyotic mycelium from which may develop uredinia or telia. The 
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uredinia produced from aecia probably do not often sporulate early 
enough to produce many secondary uredinia but some of the spores 
sift or grow under the scales of the newly formed winter buds, form 
ing an overwintering mycelium in the embryonic leaves or catkins 
The mycelium grows with the bud tissues in the spring and pro 
duces large or multiple uredinia early enough in the season to per 
mit the production of secondary uredinia and of telia in some quan 


tity. This device is very similar to that by which the dikaryon 


over-winters in Chrysomya, but only uredinia are produced in the 


spring. Some aeciospores may also possibly give rise to over 
wintering mycelia, but probably the majority are shed before the 
willow terminal buds are formed. Here we have three methods of 
overwintering, and three interlocking cycles, in a single rust l‘irst, 
the monokaryon can persist year after year in the absence of Sa/tx, 
although with no spread. Second, the dikaryon can persist in the 
vinter buds, producing uredinia and permitting spread but no 
genetic change. Finally, the full cycle, with gene recombination 
and spread, is possible when the two hosts are contiguous. 

The ability of .W. epitea to overwinter in the willow buds was 
mentioned by Jgrstad and was obvious in some of the specimens re 
ceived in 1948. The fact that the mycelium is systemic-perennial 
in Saxifraga is also of prime importance, but it seems to have re 
ceived no recognition in the literature. Observations at Great 
Whale River convinced me that tree line was about the limit for 
the conventional long-cycled rust. It was disconcerting to receive, 
soon afterward, heavily rusted Saxifraga oppositifolia from Corn 
wallis I., roughly a thousand miles beyond tree line. The habit of 
S. oppositifolia is such that the systemic condition was not obvious 


in these specimens, although it is clear to me now. The puzzle was 


not resolved until infected plants were seen in the fieid at Chester 
field Inlet. 

Although 7. epitea was moderately common on Saxifraga rivu 
laris and occurred sparingly on S. cernua and S. oppositifolia, at 
least 90 per cent of the rust in Salix colonies at Chesterfield Inlet 
originated from the winter buds. At Great Whale River and St 
Anthony all rust appeared to result from bud infection. The avail 


able specimens suggest that the aecial stage of the forms on arctic 
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willows occurs most frequently north of tree line, probably because 
that is where the susceptible saxifrages are most abundant. Speci 
mens of M. epitea in its various forms have come in abundance from 
almost all northern stations from which phanerogamic collections 
have been received. It has been seen on Saxifraga from 75° N., 
and on Salix from about 82° 30’ N. in northern Ellesmere I., al- 


most the northernmost land in the world. In the vicinity of Ches 


terfield Inlet it occurred on seven out of thirteen Saltx spp. and was 


abundant on several. Clearly it is a most successful species, and 
the modifications in its life cycle have played no small part in its 


SUCCESS 
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SUMMARY 


The northern limit for heteroecious, self-sterile, long-cycled spe 
cies of Puccinia and Uromyces is approximately tree line. Self 
fertility and short-cycling enable many species to persist in the arc 
tic on hosts of suitable habit. In Chrysomyxa, overwintering ot 
dikaryotic mycelium in evergreen leaves permits simultaneous de- 
velopment of uredinia and telia, and also makes the rust independent 
of the aecial host. HH yalopsora aspidiotus overwinters both by am 
phispores and by mycelia in the aecial host, thereby producing aecia, 
uredinia and telia nearly simultaneously. \Welampsora epitea over- 
winters as a systemic-perennial monokaryon in Saxifraga and as 
a dikaryon in Salix buds, as well as by telia, thus being able to sur 


vive even when the sexual part of the life cycle cannot be completed 
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LARGE-BROWN-SPORED HOUSE-ROT 
FUNGI IN THE UNITED STATES 


Ro W. Da 


ILOMBARI 


Verulius lacrymans Jacq. ex Fr. has never been considered a 


common or extremely destructive fungus in North America It is 
recorded by Burt (4) as occurring here and has been encountered 
occasionally in houses. Porta incrassata (Berk. & Curt.) Burt, 


a closely related fungus and originally placed in the 


genus Verulius 
is more common as a cause of house decay (1, 9, 10, 13) In 1946 


Buckland (3) listed and illustrated cultures of Merulius sp. isolated 


from brown rot in Western red cedar trees, and Bier et al. (2) re 
ported Merulius sp. from similar rot in fir in 1948 in westert 
Canada Verulius sp., similar to the one described by Buckland 
1 on - . e 1 mtae —_ 

| frequently from spruce and balsam fir trees in 


eastern Canada and Maine. 


has been obtaines 


These findings have led to a more in 
tensive study of cultures of the 


Verulius. 


1 1 q 
large-brown-spored species of 


DIFFICULTY OF IDENTIFICATION 


Sporopl ores of the lung! considered here are seldom present In 
association with decay in trees and are almost never included with 


wood specimens sent in from decay in buildings. The first fresh 


sporophore of Poria incrassata encountered by the senior writer 


was on the under side of a large Douglas-fir log in the woods. It 
was not recognized as this species because in the fresh condition it 


was not brown or dark in color. 


It was a well-developed, light 
gray, poroid layer and the spores were only slightly colored wher 
1 Senior Pathologist and Associate Pathologist, respectively, of the Divi 
sion of Forest Pathology, Bureau of Plant Industrv, Soils 
Engineering, U. S. Departinent of Agriculture 


The authors are indebted to Dr. J. D. Diller 


. and Agricultural 


and others for decay speci 


mens and to other laboratories for some of the cultures used 


&& 





Davipson & LompBarp: Hous! 


mounted in KOH) solution 


found 
buildings it is old and at least partially dried up and very dark 
In 


1/ J 
ing condition, 


Usually when fruiting 


contrast, \/erulins lacrymans, when obtained in good fruit 
is bright red or rust brown from the copious spore de 
posit Under the microscope, spores are uniformly golden brows 
However, other thinner species of the large brow! spored Wer ik 
sroup are dif | ewe Vlacrwmans unl f vn 
g Ip are difficult to separate trom acrymans uniess truiting 
] 


bodies are in good 


condition, Spores of several species are similar 
in size and color. Sporophores of Coniophora puteana (Schum. 
ex Fr.) Karst. (Coniophora cerebella Pers.) might also be 
with MJerulius species if not obtained in excellent conditior 


| 
contused 


\fter studving cultures of many wood-rotting fungi, the writers 


have been able to readily distinguish 


C. puteana from Merulius spp. 
of V/. 


of a common thin species, 


cultures of 7? 
I’vidence is presented to show that 
be distinguished from cultures 
WV. americanus Burt. 


incrassata and 


cultures lacrvmans may also 


It is believed that 
the species of Werulins obtained from eastern Canada and Maine 


mav be J/ 


AL CHARACTERISTICS 


Kev to Cultures 


Growth fast * (more than 

celium buff to brown 

Growth medium (60 to 90 mm. diameter ) 
2, Mat irregularly 


mycelium white 


90) mm. diameter in two weeks), my 


Contophora puteana 


silky or with radiating silky segments, 


) 


Mat 


vellow co 


Growth slow 


) Explanation of 
been published (7) 
Growth 1s 
mann’s diamalt av 


t 
i 


ls 
uUnwoOrmMiy 
zonations, 


Me 
mycelium 
lor 


(30 to 50 


met! od 


used 


ita ron 


fluffy, 


With 
celium white or with scattered 


SOMECW 
white 


diame 


il 


or 


‘tel 


17 } 
VECllow Color 


hat 


white 


1 
lobed. 


with 


Po 1a 
with 


SO 


OT 


mecrassata 
without 
scattered 


Verulius americanus 


mat raised fluffy, m 
Verulius lacryman 


\ 


ulture 





Myce OLOGIA, 


hic. 1. One-week-old cultures grown on 2 per cent malt agar at room 


temperature ) Verulius americanus, from Maryland and 


VW. americanus, from Maine and eastern Canada 
/, Contophora puteana; J, Merulius lacrymar 


lacrymans, from the United States 
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CONIOPHORA PUTEANA (Schum. ex Fr.) Karst 


(Fic. 1, I; Fic. 2,G and H: Fie. 3, A) 


Key pattern”  B-O-F-1-11-16. 


(See published description (5).) Twenty-eight isolates 


MERULIUS AMERICANUS Burt 


(Fic. 1, A-F; Fic. 2, A and B: Fie. 3, 
B-O-M-1-10, A-O-M-1-10, and B-O-M-1-10-16 


Key pattern. 
Growth characteristics. Growth medium, forming a mat 32—58 


mm. in diameter in 7 days, 60-90 mm. in 14 days; white, occasion 


ally with faint “citron yellow’ ® color on the inoculum or scattered 


around it at 7 days, usually with pale “citron vellow” or “primrose 

cinnamon’) on or neat 

14 

days; generally with thin fluffy growth mounded over the inoculum, 
id ys 


mat proper intermediate to raised, uniform to margin, of radiating 


yellow” (rarely “buff-yellow” to “orange 


the inoculum or localized on zonation lines in the central zone by 


silky-downy hyphae at first, later fluffy-downy mycelium almost ob 
scures the skeinlike silky-downy hyphae underneath except neat 
the inoculum, with or without zonations, occasionally with con 
spicuous colorless guttulation drops on or near the inoculum, margin 


distinct, even or lobed, finely fimbriate ; some isolates staining the 


agar a yellow color, which shows through the mycelium somewhat ; 


odor strong, penetrating, disagreeable ; negative oxidase reaction, 
growth at 7 days on gallic acid medium 14-22 mm. in diameter, no 


vrowth to trace on tannic acid medium. 


Hyphal characteristics. Wyphae straining, thin-walled, 2-7 


10)» in diameter, with abundant clamps on large and small 


The key pattern has been explaine,! previously (7, pp. 9-13). The first 
white; B, white, then yellow or brown; ¢ 
key pattern represents positive (P) 


third letter indicates growth rate 


letter represents color of mat (A, 
vellow, etc.) The second letter of the 
or negative (QO) oxidase reaction. The 


(he numbers indicate presence of certain microscopic features such a 


clamps, chlamydospores, conidia, etc. The key pattern is useful in arrang 
ing the fungi, based on their characteristic culture 
® Colors in quotation mark 
Fungi causing brow arbonizing 
when grown 


fungi cause ; 
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hyphae, sometimes irregularly thickened septations at 


id wi 
some empty hyphae, and occasionally more or less globular stainit 
swellings or masses seen on some submerged hyphae; crystal 
tohedrals and many small angled 


gled thin plates or lumps 
Test-tube cultures. 


Mycelium fluffy-downy on agar slant, white, 
silky-downy against test tube below slant with a few to numerous 
small more dense strands of hypl 
above; some cultures having numerous guttulation drops. 


ae; yellow to “orange cinnamon” 


Fic. 2. One-week-old cultures on 
room temperature {,C, E, and ¢ acid 


f and B, Merulins americanus; C and DPD, Porta incrassata: E and J 
Verulius lacrymans: G and HF. ¢ 


gallic and tannic acid agars grown at 


,.gallic acid; B,D), I, and //, tannic 


ontophora puteana 





DAVIDSON & LomBarD: Housr-Ro1 





Q4 MycoLoaia., Vol 5. 1953 


Type of decay. Brown rot of coniferous wood. ‘1 wenty-five 
isolates 

Remarks. The above description specificially applies to cultures 
obtained from a species that fruits commonly on pine logs in the 
woods in the vicinity of Beltsville, Md. These sporophores seem 
to fit Burt’s description of Merulins americanus, but it is believed 
that MM. himantioides Fries and M. brassicaefolius Schw. may not 
be specifically distinct. Also it appears that M/. silvester as de 
scribed by Falck is the same as WM. americanus. For the time be 
ing these will have to be regarded as synonyms of one species or as 
a species complex that will require much more detailed study be 
fore they can be distinguished culturally. At present it is not clear 
which name should be used if they are to be regarded as a single 
species. 

The various isolates from spruce and balsam fir in eastern 
Canada and Maine show considerable variation in growth rate but 
appear to be applicable to the same species as the one collected on 
pine logs at Beltsville. The sporophores developed on pine logs 
in late fall (October and November). If the eastern Canada fungus 
is the same, sporophores should also be common there on old in- 
fected logs in late fall. Sporophores have been collected several 


times under houses during the winter season. 


PORTIA INCRASSATA (Berk. & Curt.) Burt 
(Fic. 1, G and H: Fie. 2, ¢ 


Key pattern, A-O-M-1-10, A-O-M-1-4-10, B-O-M-1-10, and 
\-O-M-1-10-16 

Growth characteristics. Growth moderately rapid, forming a 
mat 23-38 mm. in diameter in 7 days, 62-71 mm. in 14 days; white, 
occasionally with small patches of “naples yellow” to “straw yel 


low” on the inoculum or sparingly around it at 14 days; appressed 


to intermediate, uniformly fine thin short downy to the margin of 


growth or, more generally, with small skeins arising near the 1 
oculum or in the central zone or at the margin of growth and e) 
tending as radiating, fast-growing, silky mycelium, in some isolates 
ending abruptly in short raised isolated tufts and in other isolates 


; 


spreading in silky fanlike sectors within mats of otherwise unt- 
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} 1 


iormly fine downy growth at 7 days, becoming more or less ap 


pressed in the central zone and raised at the margins, with the skeins 
and fanlike sectors (where present) still distinct at 14 days, zonate 
or azonate, fragile, adherent, sparse cottony aerial mycelium overt 
the inoculum, margin either thin, even, and almost indistinct o1 
fimbriate and distinct where silky mycelium present ; odor medium 
to strong pungent; negative oxidase reaction, growth at 7 days on 
gallic acid medium 17—28 mm, in diameter, no growth to trace on 
tannic acid medium. 

Hyphal characteristics. ‘hyphae staining, thin-walled, 1.7-4.7 
(—S)p in diameter, averaging about 2.5-3.5 4, with abundant 
simple clamps on both large and small hyphae, rarely double 
clamps, occasionally in some isolates submerged hyphae have elon 
gated thin-walled swellings that stain readily ; oidia, few to many in 
the areas ot slow-growing downy mycelium, of varying lengths; 
crystals large and medium octohedrals and thin plates 

Test-tube cultures. In 4 weeks mycelium yellow to buff or light 
brown and appressed on agar slant around inoculum (with agar 
showing through), white dense silky strands or dense mat develop 
ing lower down between glass wall of tube and agar; sometimes 
smal] dense powdery cushions of mycelium developing around the 


] 


inoculum or at upper end ] 


of agar Slant. 
lype of decay. Causes brown rot of both hardwood and conifer 


ous wood tn houses and other wooden structures, and very occasio1 


ally infects logs in the woods. Fifteen isolates 

Remarks. It is present occasionally although not abundant in 
houses but is very destructive when present under favorable mois 
ture conditions. This fungus is probably the only one of the group 
included in this paper that has not been reported in Europe. It 
is more prevalent in the eastern United States but occurs in the 


West also. 


MERULIUS LACRYMANS Jacq. ex Fries 


(Fic. 1, J-L; Fic. 2, E and F; Fic 


Key pattern. B-O-S-1-10 and B-O-S-1-10-16 


Growth characteristics. Growth slow, forming a mat 11-19 mn 


in diameter in 7 days, 27-40 mm. in 14 days; white, usually wail 
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patches of “citron yellow” color over or around the inoculum block ; 
growth on moculum raised, of densely mounded fine fragile downy 


mycelium extending upward toward the lid of the dish and laterally 


to almost hide the surface mat at first, merging gradually into a 


2044 


Fic. 4. A, Merulius americanus: hyphae and crystals. &, Porta incras- 


sata: hyphae, oidia, and crystals. ©, Merulius lacrymans: hyphae, staining 


mass, and crystals 


fluffy more downy-cottony less raised growth toward the margin, 


fragile but slightly firm underneath, azonate, margin distinct, fim 
briate, even or lobed; odor faint or none; negative oxidase reaction, 


growth at 7 days on gallic acid medium trace to 13 mm. in diameter, 


0 to 13 mm, on tannic acid medium. 
Hyphal characteristics. Submerged and superficial hyphae 
staining, thin-walled, 2-7(— 9.5) in diameter, with numerous 
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clamps on large and small hyphae; occasionally submerged hyphae 
with slight swellings or masses that stain; crystals numerous, octo 
hedrals and small angled plates. According to Nobles (12), hap- 
loid cultures have l. : tions and e li: 
loid cultures have no clamp connections and numerous oidia 
lest-tube cultures. In four weeks growth at ordinary room 
temperature is rather limited, covering agar slant and growing only 
slightly onto upper part of agar evlinder, uniform fine fluffy-downy 
mat, white or with some “citron yellow” color 
l ype of decay. Brown rot of coniferous wood. Three isolates 
, ~ 4 . ; ) - 
Remarks. This fungus is not as common as Porta incrassata in 


this country but does occur occasionally in buildings in which mots 


ture conditions are favorable and the temperature relatively low 


TEMPERATURE RELATIONS 


\s shown in TABLE I, three of the four fungi studied have inter 
mediate and the other one (\Jerulius lacrymans) low temperature 


requirements for optimum growth. The species have not shown 


rABLE I 


FUNGUS GROWTH ON MALT AGAR, MEASURED AT THE END oF 
One WEEK at CONSTANT TEMPERATURES 


I m iH 1 min mil mit mim 
Contophora puteana 87 904 90 QO 4 66 14 trace 
Verulius americanu $5.6 47.5 47.5 | 33.5) 23 | trace 
Porta incrassata 2 2 $3 }? 410) 35 20 trace 
0 


Verulius lacrymans 2 28.5 23 16 trace O 0 0 
* Mat diameters are averages of several growth test 


a very wide range of teniperature requirements among the diffet 


ent isolates. This was the case with W/. lacrymans, although only 


one [kuropean and two American tsolates were available for study. 
\ll of the cultures show a rather wide optimal temperature range 

The pring ipal point of difference between these results and those 
of Humphrey and Siggers (11) 1s that their one european isolate 


of M. lacrymans had an intermediate temperature requirement 
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It is possible that such variation could result from differences be 

tween strains of a species. If further careful studies show such 
wide variation to be common, separation by temperature require 
ments alone would be questionable. So far in our experience this 
has not been shown to be true and any proof of wide variation within 
a species must be verified by accurately identified sporophore 


cultures 


DISCUSSION 


The four species can be differentiated readily at four days of age 


on malt dishes. Contophora puteana makes the fastest growth 


and the mat is cream-colored, intermediate to raised, and mainly 
downy to downy-cottony composed of fine or coarse strands of hy 
phae radiating from the inoculum block. AJerulins americanus is 


next in growth rate and the mat is white, with or without a tinge 
of lemon yellow near the moculum, and is mostly appressed, com 


posed of bunches of silky-downy radiating and ascending hyphae 
with thin but highly raised growth over the inoculum. /orta in 
g 
scant growth over the inoculum block; the mat is appressed and 


crassata is slightly slower growing than the above species, makin 


composed of very short, slightly ascending, downy mycelium with 
the characteristic dense radiating silky growth just beginning at the 
margin of the mat. J/. lacrymans is the slowest in growth rate 
and the mat is white, consisting mainly of raised fluffy dense growth 
over the inoculum, with scant growth on the surface of the agar. 
Two of the four fungi described in this paper, 7’. mcrassata and 
(. puteana, are quite destructive in houses and other wooden struc- 
tures in the United States. The other two, WM. lacrymans and M 
americanus, are present only occasionally in buildings, 
latter is not known to cause extensive destruction. AJ. amert 
canus and C, puteana are common on trees or logs in forested areas, 
whereas the other two are not known to be common in the forests. 
All but P?. tncrassata may be common in Europe. An examina- 
tion of Falck’s 1912 paper (8) suggests that his three large-brown- 
spored species may be the same as the three studied here. Our 
V7. lacrymans should be his M/. domesticus and M. americanus may 


be the same as M. silvester. Most certainly the C. puteana in 
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houses in this country is the same as the fungus Falck described 
under tne name C. cerebella. 

It is prebable that there are additional large-brown-spored 
Merulius species in this country besides the two mentioned in this 
paper but up to the present time the writers have not encountered 


any that 1s clearly culturally distinct 


SUM MARKY 


Cultures of Werulius lacrymans have been distinguished from 
cultures of other wood-rotting fungi and from cultures of the 
common species Merulius americanus, The two species of Meru 


lins may be separated by differences in growth rate and 


mycelial 
mat characteristics when grown on 2 per cent malt agar in 90 mm 
Petri dishes. 3/. Jacrymans grows best at a temperature of about 


18° C and does not grow at 28° C. AM. americanus grows best at 


26° C, grows well at a temperature of 30° C, and will even make a 
slight growth at 34° C. These Merulius species have been encoun 
tered a few times in houses 

Contophora puteana and Porta incrassata are two species caus 
ing destructive decay in houses in this country ; they also have large 
brown spores. However, C. puteana is a much faster growing 
fungus than the Merulins species and P. incrassata may be differ 


entiated from the other species by its mat and type of growth. Tem 


perature requirements for C. puteana, P?. incrassata, and AI. ameri 


canus are quite similar. 
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SPECIES OF SYNCHYTRIUM IN LOUISIANA. 
VIII. NEW SPECIES 


MELVILLE T. Cook 


(witH 51 FIGURES) 


The species of the genus Synchytrium cause the formation of 
galls or abnormal growths on the leaves, petioles, stems and some 
times on flowers of the host plants. Most species of Synchytrium 
attack but one species of host plant. The external characteristics 
of some of them and the fact that they are specific enable the stu 
dent to identify many species with some degree of certainty and 
without difficulty. The descriptions of 43 of 95 species reported 
from the northern hemisphere are incomplete but they very defi 


nitely belong to this genus. Some of the characters used in the 


descriptions, such as size and color of fungus, are of very little 


value; the size is variable even in the mature stages and the colors 
are variable with age and are practically the same in all species 
The zoospore is hyaline; the young fungus becomes light yellow 
soon after infection and then gradually orange, red and sometimes 
black with age. 

In some species the sori can be seen as yellow or orange spots 
without difficulty, while in some others they can be seen only by 
the aid of a hand lens. 

The fungus in some species stains so deeply that the structure 
cannot be seen without destaining. In these cases the stain usu 
ally disappears from the host tissues far in advance of the stain in 
the fungus. In some species the fungus does not overstain readily. 
The shape and structure of the galls is more definite and valuable 
for descriptions and identification than any characters of the 
fungus. In this paper, more attention is given to the galls than 
to the fungi. The descriptions of the 43 species which are incom 
plete do not contain any information concerning the sporangia 
These data are very difficult to obtain in some cases, because the 


fungus becomes separated from the host tissues and falls out of 


101 
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the cavity betore the formation of the sporangia. The galls are 
very conspicuous in some species while in others they are very 
inconspicuous, causing, in fact, scarcely any deformity of the host 
tissues 

\Ithough the galls are very definite in shape, they may show 
wide variations. <A gall in contact with a vein may be quite differ 
ent from one that does not have such a contact and the writer has 
usually classed them as abnormal or deformed galls. 

Infection of the trichomes is very rare. ‘The zoospore has been 
observed to enter the stomata in a few cases but without the forma 
tion of a gall. The period of infection is previous to the formation 


of the palisade. There are a few records in the literature of sub- 


epidermal infections but the author is inclined to doubt these 


studies. The infections in all species studied by the writer are in 
the epidermal cells, usually in the lower epidermis. The writer 
has never observed infections in sub-epidermal cells. In one 
species (S. oxalidis Cook) overgrowths gave the appearance of 
sub-epidermal infections, but this was due to overgrowths. ‘The 
infected host cell reacts very quickly after the penetration by the 
zoospore. In a few cases the fungus increases in size for a time 
and then become dormant in the tissues of the host plant (I1cs 
17, 39) This 1s probably due to a late infection of the host cell 
which does not react. The cells of the galls are frequently 
infected when very young; the result is the formation of com 
pound galls 

Infections occur during periods of wet weather, which may be 
very short. In Louisiana the infections occur in the late winter 
or spring following rains which may flood areas for a very few 
hours. The infections occur on very low herbaceous or very 
young and very small woody plants. 

The descriptions of species previously reported by the author 
have contained descriptions of the sporangia. The sporangia 
have not been studied in the species reported in this paper because 
it is necessary for the writer to discontinue this work. However, 
the data are sufficient for the identification of the species 

The author has described several species of Synchytrinm col 
lected in Louisiana. In many cases distinct species will be found 


on different host plants but growing very close together This 
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has raised the question as to the possibility of some of these species 
attacking several different species of host plants If that 1s true, 
some of my species should be reduced to synonyms. Of course, 


this question cannot be answered definitely without making cross 


inoculation experiments, which the writer is not in a position to 


do at this time. However, we have certain facts to support the 
writer's contention that most or possibly all of them are distinct 
species. The literature indicates that of 95 species previously re 

ported, +0) species occur on one species of host plants only, a) spe 
cies occur on two species of host plants, 4 species on three species 
of host plants, 2 species on four species of host plants and one 
species on six species of host plants. This indicates that most 
species of Synchytrium are specific in their attacks on host plants. 
The one exception to this conclusion is S. aureum which has been 
reported on 197 species of host plants, but these records are ques 

tionable. S. aureum is most likely a composite of many species 
Furthermore, the writer has shown that in some cases two species 
of host plant grow in contact and only one species is attacked by 
the fungus. An example of this is S. stellaria which attacks Stel 

leria media, and S. cerasttt which attacks Cerastium viscosum 
These two species of host plants are frequently found growing in 
contact and only one infected. The same has been noted on other 
species but the observations have not been so numerous. In some 
species the shape and structure of the galls are so definite as to in 

dicate the species. This is in harmony with the writer’s studies 
on galls caused by msects, many, years ago, in which it was found 
that the structure of the galls depended on the species of insect 


and not on the host plant 


Synchytrium Parthenocissi sp. nov. 


Gallis post contagionem celerrime ortis; in utraque upertiae foliorun 
sitis ; per spatium circiter aequale ultra alteram superficiem se extendentibu 
colore subviridi ad colorem purpureum; saepimentis leviter demutatis aut 
absentibus ; cavis subsphaericis; foramine claro; 304-7604. Fungus « 
primo sed haud serius implet; 15-248 diametro. Hab.: /’a 


yuinquefolia (L.) Plancl 


Galls on both surtaces of leaves, nearly spherical; may extend 
about equal distance on either surface but usually most prominent 
on lower surface; the palisade is slightly modified; when the pene 
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tration is on the upper surface, the palisade is broken, shortened 


or absent, structure rather dense; cavity nearly spherical; cells 


around cavity are modified very quickly; greenish to purple in 


color; sometimes concave above with papillae in center; opening 
distinct ; the gall grows very rapidly and in advance of the forma 
tion of the fungus but the leaf begins to thicken very soon after in- 
fection. The fungus fills the cell completely at first (Fic. 1) but 
after a time the cell cavity grows more rapidly than the fungus 
(lic. 2). Wall around fungus is very thin. The cell material 
surrounding the fungus is thick and stains very dark (Fics. 1, 2). 
Similar infections which may be caused by the same species are 
found on Ampelopsis arborea (1...) Desmoulins and Vitis sp." 


Synchytrium Duchesneae sp. nov. 


Gallis in utraque superficie foliorum; insitis aut in superficie foliorun 
manentibus ; 450 « 600 vel 600 * 7504. Fungus 95 * 3004. Hab.: Duche 


nea indica (Andr.) Focke. Not abundant. Baton Rouge, Louisiana, U.S.A 


Leaf structure very loose. Galls on leaves and petioles; large, 
projecting on both surfaces of leaves with opening mostly on under 
surfaces; may rest on surface of leaf or be submerged in tissues 
of the host; green; galls grow more rapidly than the fungus; 
cavity filled by fungus at first but not later; very little modification 
of cell structure of leaf but similar to S. Parthenoctssi; surface of 
young cavity usually spherical; opening very distinct... Wall 
around fungus thin. Palisade usually absent in mature gall. 


Fics 5, 6. 


Synchytrium Corni sp. nov. 


Gallis in utraque superficie foliorum sitis; in parte inferiore maxime 


exstantibus; sparsis; hemisphaericis; viridibus; 180 * 375 vel 525 x 5254. 
1 Galls caused by Phylloxera vastatrix are common on Vitis spp. but are 


easily recognized 


hics. 1-4. Synchytrium Parthenocissi. 1. Early infection on lower sur- 
face of leaf. Early stage of gall formation. 2. The sorus ready for division ; 
gall of small cells; content of infected cell prominent. 3. Gall com 
posed of small cells. 4. Mature gall; opening distinct. Fries. 5-6. Synchyt 
rium Duchesneae. 5. Early infection. 6. Mature gall. Fics 7-8. Synchyt 
rium Cornt. 7. Early infection. 8. Mature gall. Fics. 9-10. Synchytrinm 
Asterum. 9. Early infection. 10. Advanced stage; sorus ready to divide; 
content of infected cell prominent; gall composed of small cells; palisade 
intact. Fic. 11. Synchytrium Epthaleri. Two infected cells; one on left 


with well pronounced tube; palisade not injured 
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Fics. 1-11. 
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Fungus clarissimus, 150 x 250 diametro. Hab.: Cornus Drumondi Meyer, 


Jaton Rouge, Louisiana, U.S.A 


Leaf structure dense; galls on both surfaces of leaves ; sometimes 
abundant but usually scattered; greenish; hemispherical and most 


prominent below; concave above with elevation in pit; opening 


distinct. Palisade undeveloped. Fungus usually showing through 


on under side. Wall around fungus very thin. Fics. 7, 8 


Synchytrium Asterum sp. nov. 


Gallis parvis; in utraque superficie foliorum; plerumque  sphaericis; 
colore viridi usque ad colorem purpureum; 225 X 330 vel 300 * 3004 


Fungus 105 diametro. Uab.: Aster sp., Baton Rouge, Louisiana, U.S.A 


Leaf structure very loose; galls small; on both surfaces of 
leaves; usually hemispherical; green to purple; opening usually on 
lower surface; content of host cell very dense and deep staining ; 
wall around fungus thick; plants too young to determine species. 
ics. 9, 10 


Synchytrium Cocculi sp. nov. 


Gallis plerumque in una superficie foliorum sitis; basi in textibus hospitis 
insita; viridibus; 150 x 525. Fungus in folio partim insitus; flavus aut 
ruber; 60* 1504. Hab.: Cocculus carolinus (1.) DC., Baton Rouge, 


Louisiana. 


Leaf structure very loose; galls usually small and on one surface 
of the leaf or the basal part embedded in leaf; convex on both sides 
hut most prominent on lower surface ; spherical on stems; may rest 
on surface or be partially embedded in tissue; green; cavity con 
nected with the outside by long or short tube. Fungus yellowish 
to brownish red; wall around sorus very thick. Fic. 11. 


Fics. 12-17. Synchytrinm Cardiospermt. 12. Very early infection. 13 
Slightly advanced. 14. Further advanced, showing substance in infected 
cell. 15. Well advanced; infected cell cavity pear shaped; content of in 
fected cell prominent. 16. Iurther advanced. 17. Late infection in which 
growth of sorus has stopped and gall not formed ‘IGs. 18-21. Synchytrinm 
Ilicicola, 18. Karly infection showing thickening of leaf and formation of 
wall around sorus. 19. Early stage in gall formation. 20, 21. Advanced 
stages in gall formation. Fics 22-24. Synchytrium Liquidambarts. Stages 
in formation of gall. Fics. 25-26. Synchytrium Gonololi. 25. Advanced 
stage showing that the gall is very large and the sorus very small. 26 


Mature gall 
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Synchytrium Cardiospermi s)). no 


utraque superficie ftohorun 


l 


sO] 795 vel 375 


n Llalicacabum 1 Baton Rouge 


Sy le uneus 


Leaf structure very loose; galls on either surface 
most abundant on lower; gall starts very soon after infection; 
cavity pear-shaped in mature galls; opening distinct; fills cavity 
at first but not later in its development; content of cavity thick ; 


palisade may persist or be only partially developed; green. Wall 
around fungus very thick (fungus may be quite large and gall 
quite small). Fungus may become dormant without forming gall 


(Fic. 17) Fics, 12-17 


Synchytrium Ilicicola sp. no 


Gallis numerosis; plerumque in superficiebus inferioribus sitis; im 
he spitis partim aut Oomnino insitis ; duri pracsertim in. stirpe 150 


A 


Fungus 75-105 diametro. Hab ex vonutoria Ait. and /. decidua 


Leaf structure loose; galls on leaves mostly on lower surface; 
hemispherical below and slightly convex above; numerous ; som 
times partially or completely embedded in host tissue but usually 
resting on surface of leaf; green when vyvoune; green to dark 
purple with age; becoming hard with age, especially on stems ; 
surrounding cells may become modified quickly Wall around 
fungus thick. leat structure slightly distorted. Fungus grows 
rapidly and fills cavity but grows slower than the cavity after the 
formation of the gall. Opening to cavity distinct fungus may 
be embedded in leaf without forming gall. Fics. 18-21 


Synchytrium Liquidambaris sp. no\ 
Gallis in utraque sed plerumque inferiore superficie sitis; sphaericts 
viridibus; 150 * 150 vel 450 © 4504 Fungus 75-300 diametro. Hab 


Liguidan har styraci 


leat structure very dense; galls on both surfaces, mostly o1 
lower; usually spherical below and concave above; green ; opening 
very distinct; gall usually larger on the lower surface than on the 
upper surface; palisade may be destroyed; fungus fills cavity at 
first but not later; wall around fungus very thick ; cell content promi 


nent; fungus may lie in tissue without forming gall lias. 22-24. 


Synchytrium Gonolobi sp. no 


Gallis in utraque superficie sitis; numerosissimis autem im inferiore; 


hemisphaericis; 600 ~ 6004. Fungus 754 diametro. Hab 
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COOK 


Leaf structure very loose; galls on either surface but most abut 
dant on lower; hemispherical; starts immediately after infection 
and before the palisade is formed; opening indistinct; palisaci 


slightly modified ; 600 * 600 4; fungus fills cavity for a time but 
cavity enlarges more rapidly than fungus Content of infected cell 
as compared with gall; wall 


Bi 


around fungus thick iG 


prominent with age Fungus sma 
) 


Synchytrium Carpini sp. no 


Gallis raris; in utraque superficie foliorum, numerosissimis auten 
inferiore sitis; sphaericis; 210 diametre Fungus 1354 diametro. Hab 
{ Irpinus sp 

, 


eal structure loose ; galls rare: more or less spherical and promi 
| 


nent on lower surface ; opening distinct Kic. 26 


Synchytrium Clematidis sp 


allis in utraque superficie tolrorum) sitis 300) 4000 vel O00 


750” Fungus 90 1504 diametro Hab ) Baton Rouge 


\ 


Louisiana, U.S.A 


leat structure very loose; galls usually projecting on one surface 
or concave above and sometimes below ; spherical ; opening distinct 


sometimes new galls are formed on epidermal cells of older galls 
Both fungus and gall grow rapidly Wall around fungus thicl 
1 7 


Content of infected wall very thin Fic, 2/ 


Synchytrium Bignoniae sp. no 

Gallis numerosis in utraque superficie foliorum sitis; sphaericis in petiol 
stirpibusque; utraque superficie aequaliter) prominentibus; duris, rubri 
purpureis, mgris; 300 300 «vel 750 «15004. Fungus 75-182 diametro 


Hab.: Bignon L.., Baton Rouge, Loutsiana, U.S.A 


Structure of leat very dense; galls abundant on both surfaces of 
leaves and on petioles and stems; mostly on lower surface of leaves ; 
projecting about equally on both surfaces or larger on side of in 
fection; usually spherical; large and hard; greenish, yellowish, 
reddish, purple, becoming black with age; cell structure compact 
in mature galls; cavity almost spherical; tube leading to cavity 
very small but distinct Fungus fills cavity at first but not later 
Wall around fungus thin. Very abundant. Fics. 28-30 


Synchytrium Erechtitis sp. nov 


Gallis parvis; numerosis; in utraque superficie foliorun 


sphacricis; in petiolis stirpibusque; 105 < 150 vel 600 ~ 6004 
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fLeat structure very loose when your 
both surfaces ; hemispherical below ; on ] ‘may 
] 1 1] 


embedded in leaf tissue; opening very large fungus fills cavity 


at first, but cavity grows more rapidly than fungus: 
tinct; cell structure compact and with very little modification ; 
150; very pale, becoming yellowish. Wall around 


thick Palisade usually absent FIGS; 51, Sz 


Synchytrium Polygoni 

Gallis in utraque superfi 
parvi viridibu 300) 
Hab Pi n 


leaf structure very dense: galls on both surfaces of leave 


ally abundant and in clusters; small and 


ereen ; palisacte 
ent in mature galls; host cell material distinet ; cavity pear 
opening distinct. Fungus yellow, becoming orange. Wall 


fungus thin hic. 33 


Synchytrium Callicarpae sp. no 

Gallis numerosis; parvis; in utraque 
aut clongatis; viridibu 450 » 450 vel 
metro. Hab.: Callicarpa an ma | 


leat structure loose; galls numerous, small; projecting on both 


surfaces of leaves; may be spherical or elongated; usually raised 
but frequently depressed above; infections start on lower surt 


but gall usually projects above; green, almost same color as 
y | 


leaves frequently deformed; in some cases canal to infected 


is distinct; wall around fungus very thicl 


Synchytrium Tecomae sp. no\ 


Gallis in utraque superficie sed plerumaque 
viridibus; 300 « 450 vel 450 * 6004. Fungus 450 4 diametro 


Tecoma radicans (1..) Juss., Baton Rouge, I 


n hh fri € Le watts M itaire 
Bignontae Stages in the formation of the 


than the mature gall; canal small and 


well 

rium t:rechtitis. 31. Karly stage showing the 

the sorus. 32. Mature gall showing large opening and uninjured palis 
hic. 33. Synchytrium Polygoni showing mature gall The pali 
slightly injured. Fics 34-36. Synchytrinm Callicarpas 34. Early 


in formation of gall. 35, 36. Later stages 
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Leaf structure very loose; galls on upper and lower surfaces; 
frequently causing a pit in the leaf; most common on lower sur 
faces; projecting on both surfaces; green; cavity spherical; open 
ing distinct; palisade modified. Fics. 37, 38 


~ 


Synchytrium Mitchellae sp. no\ 


Gaallis in utraque superficie foliorum sitis; maxima parte in superficiebus 


inferioribus sparsis; hemisphaericis; viridibus; 150 150 wu fungus circiter 


75 diametro. Hab Vitchella repens 1.., Baton Rouge, Louisiana, U.S.A 

Leaf structure very loose; galls scattered on both surfaces of 
leaves, but mostly on lower surface, convex above and concave 
below; hemispherical; forms very quickly; green; may remain in 
tissues without causing gall (fic. 39); fills cavity but cavity en 
larges more rapidly than fungus; cell content takes stain very 
readily ics. 39-42 


Synchytrium Trachelospermi sp. no\ 
Gallis hemisphaericis; basi in textu insita; viridibus; 150 175 vel 600 
6504. Fungus 105-180 diametro. Hab Trachelospermum deform 


(Walt.) Gray, Baton Rouge, Louisiana, U.S.A 


Leaf structure loose; galls hemispherical below ; convex above ; 
hase embedded in the tissues; green; cavity spherical becoming 
pear-shaped; both cavity and fungus enlarge rapidly; content of 
host cell dense and deep staining ; wall around fungus thick. Very 


little change in structure of leaf. Host cell content prominent 
Mics. 43-45 


Synchytrium Fraxini sp. nov. 


Gallis minimis; maxima parte in superficie inferiore foliorum sitis; colore 
viridi usque ad colorem nigrum 300) 350 vel 600 * 600 u Fungus 95 
300 # diametro. Hab.: /raxrtinus sp 

ig 37-38. Synchytrium Tecomae 37. Early stage in formation 
rall 38. Mature gall Fics. 39-42. Synchytriun Vichella sy An 
fection without formation of gall. 40. Early stage is in formation of gal 
41, 42. Advanced stage in formation of gall. lu 43-45. Synchytriun 
Trachelospermt. 43. Early stage showing that the sorus has developed very 


rapidly; the leaf is slightly swollen. 44, 45. Advanced stages in formation 
of gall. Kies 46-47. Synchytrium Fraxini. Stages in the formation of the 
gall. Fics. 48, 49. Synchytrium Ulmi. arly and late stages in the forma 
tion of the gall. Fies. 50, 51. Syachytrimn Viola Showing gall composed 


of large, elongated cells 
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Leaf structure very loose; galls very small; 


surface ; opening distinct; green to black; wall around 


thick Fics. 46, 47. 


Synchytrium Ulmi sp. nov. 


Gallis raris; in utraque 
inferiore invents ce 


Baton Rouge, Louisian 


Leaf structure loose; galls rare; projecting on 
ment; 


most common on lower surface; opening prot 


Mmeus very thick. 


Synchytrium Violae 1n0\ 


Galli raris; il 
Sm variantibus 
Fungus 


lana, [ » \ 


tructure rather loose: val isually on lower 
the leaf and variable in size, 10 & 300 to & 


the basal part embedded 11) the a t ie? composed (1 
cells; opening very distinct. Substance around fun 


59, 51 


Fungus about 105” in diameter, b1 
Synchytrium globosum Schroeter has been reported on six spr 
cies Of Viola in [europe S. aureum Schroeter has been reported 

on three species of [rola in Europe and on one les 


Neither of these spect S Corres] onds in measurements of 
with the species found in Loutsiana 

lhe writer wishes to express his thanks to Dr. S 
for encouragement in these studies, to Dr. C. W. Edgerton and 
Dr. Ik. C. Tims for making the photographs and to Dr. P 
Moorehead for preparing the latin diagnoses 
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SOUTH AMERICAN SPECIES OF PUCCINIA 
ON SALVIA 


[his paper is a monograph of the species of ?uccimia known to 
occur on Salvia in South Americ: \ previous monograph by 
Baxter and Cummins (2) reviewed the North American members 
of this group of rusts paper clever outh Ameri 
Cal species ol Puccu ad 1 e100 ail redescribed ail | redetined 
I addition, two species are deseril 
Knowledge of the South America 
on the Holway collections and to a 
lected by Mayor, lagerheim, a 
1904, published descriptions and ill s of pecies known 
at that time Two new species v lesertbed f Colombia b 
Mavor (7) in 1913, and in 1932 seven of 1 species treated in the 
present paper were des l as w by Jackson and Tlolway (5) 
The urediospores of these rusts, as the North .\merican men 
bers of the group, have zonate, equatorial o1 ubequatorial gern 


ex oesteluformis Lagerh., which is distinct 


in having urediospores with scattered pores With respect to teli 


spore characters the South .\mericat pecies ot Pu 


an be divided two groups I 


sting period 


is 
Sten Ahlner 
Lindquist, Museo 
U. S. National 
Department of Agricultu 
of Natural History; 
W. Thurston, Jr 
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tured throughout, with the marking ranging from striate or finely 


punctate-verrucose to a coarsely verrucose or rugose type of sculp 


turing. The other group is characterized by teliospores which 


germinate without a resting period and in which the wall is thinner 
paler, and, except in one species, smooth throughout 


In separating species or groups of species in the key, teliospore 


characters have been used almost exclusively The most reliable 


of these are: (a) the time of germination, (b) the nature of the 
spore wall, (c) the persistence and length of the pedicel 


the position of the pore in the lower cell. The only 


i 


urediospore character has been in separating two spe 


basis of the thickness of the urediospore wall 


KEY AND DESCRIPTION OF SPEO 


Peliospores germinating without a resting perio 
or smooth in the lower half and roughened 
Peliospore pedicel 12-23% wide, 160-300 4 lo 
Peliospore 20-30 50—90 u 
Peliospore 16-23 100-155 4 
Peliospore pedicel less than 124 wide, less tl i 1604 
Peliospores 43-66 long 
Peliospores 16-23 # wide; apical uml 
Peliospores 20-30 « wide; apical umbo 
Pehospores 26-43 4 long 


Teliospores germinating after a resting period; wall striate 
rugose throughout 
Peliospore wall 5-8 thick; pedicel persistent 100-150 uw 
Pore of lower cell near the pedicel 
Pore of lower cell next to the septum 
Urediospore wall 1-1.5 thick 


Urediospore wall 34 thick..... aE 


lenigmatica 
porphyret 
Peliospore wall less than 54 thick; pedicel fragile, less than 50 long 
Peliospore wall rugose, dark chestnut-brown 
Pore of lower cell next to the septum  F 
Pore of lower cell next to the pedicel 10. 2 
Peliospore wall striate or finely verrucose, light chestnut or cinnamor 
brown 
Pore of lower cell next to the septum 
Pore of lower cell next to the pedicel 
Peliospores 28-37 « long 
Tehospores 36-43 « long 
Peliospore wall less than 54 thick; pedicel persistent, 50-1504 long 
Pedicel thick-walled, 100-1504 long 14. P 


a pedit 
Pedicel thin-walled, 50-80 4 long l 


P. farinacea 
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PUCCINIA ASTRICTA Jacks & Holw. Mycologia 24: 74 1932 

Spermayonia epiphyllous, in groups, globoid, cinnamon-brown, 
100-150 » in diameter \ecia and uredia lacking Pela amphige 
nous, chiefly hypophyllous, in groups accompanying the sperma 
gonla, round, compact, cinnamon-brown, becoming cinereous from 
lip 


soid, subclavate, or broadly fusiform, 20-30 * 50-90 p, rounded 


germination, 0.3-1.0 mm. in diameter; teliospores narrowly « 


or somewhat narrowed at both ends, constricted at the septum, get 
nunating without a resting period; wall pale cinnamon or yellow 


ish, smooth, 1-2 » in thickness, thickened apically to 3-4 3 pore of 
upper cell apical, of lower next to the septum ; pedicel hyaline, thi 


walled, persistent, 12-23 » in width, 160-200(—250) p long 


Hosts AND DISTRIBUTION : Salvia sp., ecuador 
Pyrpe LocaLity: Huigra, leuador, on 
ILLUSTRATIONS: Fic. 1 (from type). 


SPECIMENS EXAMINED: On Salvia sp.: Huigra, ecuador, Aug. 4 


1920, Holway 8/2 41 (type) 

Puccinia astricta, known only from the type locality, is distinct 
from the other rusts treated herein, being the only lepto-species it 
the group The long, stout te liospore pedicels are characteristic of 


P. astricta and P.. roesteliuforimius 


2. PUCCINIA ROESTELIIFORMIS Lagerh. apud Sydow, Monogr. Ured 


1: 292. 1904. 

Spermagonia epiphyllous, in groups, subepidermal, 
namon-brown or yellowish, 130-170, in diameter 
pophyllous, roestelioid, 0.3-1.0 mm. in diameter, 1 
scattered or in groups up to 5 mm. across; peridial ce! 


tf , 


elliptical, hexagonal or rhomboidal, hyaline, 24 
surface view, inner wall 6-10 p, coarsely verrucose, outer 
striate ; aeciospores broadly ellipsoid, globoid, or pyriforn 


30-43 ve wall 


pale yellow, 3-5(-7) p in thickness, tessellate 
Uredia hypophyllous, scattered, round, compact, paraphysate, pale 


cinnamon-brown, 0.2-1.0 mm. in diameter; urediospores 


globoid, YO 


»? ’ 


23-30 pp; wal 


8 & 20-28 p, occasionally broadly ellipsoid, 20 


pale cinnamon or yellowish, closely and finely pune 


tate-verrucose, PS a p thick, pores © 9 scattered, located 


) 
a] 
I 


slightly concave areas of the wall, each covered by a conspi 
hyaline papilla 1-2 » thick; uredial paraphyses hyaline, thir 


evlindrical or clavate, 13-26 p broad at the apex, up to 135 long 
Telia hypophyllous, scattered, round, compact, becoming gelatine 


when moist, cinnamon-brown, 0.2 Sam. in diameter ; teliospore 


evlindrical, (13—)16—-23(-27) (8 1 55( 


rowunee 
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above, obtuse or slightly rounded below, slightly or not constricted 
at the septum, germinating without a resting period ; wall cinnamor 
brown, paler over the pores, smooth, 1—2 p, thickened to 3-4 p at 
the angles of the septum and at the apex ; pore of upper cell apical, 
of lower next to the septum; pedicel hyaline, thin-walled, persistent, 
13 23 p in width, 250—300(—330 ) ph long. 
Hosts AND DISTRIBUTION: Salvia corrugata Val 
Salvia sp., leeuador. 
Tyr ALITY : Guayras 
ILLUSTRATION 
this paper, lic. 
InXSICCATI: 
(on 
» DCD. 1920, Holway 
ecuador, March, 1919, 
Ikcuador, April 26, 1942, 
caja, Prov. Chimborazo, Keuador, Sey 
hem (type Re 
his species differs strikingly from other Sa/ 
respects, the chief points of difference 
the tremelloid nature of the 
paraphyses in the uredia. The urediospores are distinct fre 
of the other South American species in having 6—9 scattered 


1 


In this and in shape and wall characters the urediospores 
roestelufornus show a marked resemblance to those of 2. 
Magn., a species occurring on Salvia in the Mediterranean regiot 
lhe telia of ?. roesteluformis become somewhat gelatinous whet 
moist, resembling those of species of Gymnosporangium in this re 
pect, as Sydow (8) has pointed out. The roestelioid nature of the 
aecia, upon which the species name is based, is another point of 
similarity. However, the host relationship of P. roesteliformuis 
and the presence of paraphysate uredia in this species would seem 


1 


to leave ‘little doubt that Lagerheim was correct in naming it as a 


species of Puccinia rather than placing it in Gynimosporangiuan. 


The aecia and aeciospores of P. roesteliformis are much like 
those of | gilliesu Speg. al dl a Sf hacelicola Jacks. ras Holw 2 the 
aeciospores differ, however, in lacking the papilla or beak charac 


teristic of the latter two species. Jackson (5) has described the 
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aeciospore wall in 7’. roestel 
tessellate, with large, flat, closelv-fitting tu 


INIA ALBICERA Jacks. & Holw. Mycologia 24: 73. 1932 


1,,] idl 


Spermagonia epiphyllous, in) groups, subepidermal, globo 


chestnut-brown, 1OO-180, in diameter \ecia amphigenous 


chiefly epiphyllous, aecidioid, in groups up to 2 mm. across 
cells oblong oO! elliptical, hvaline, lo 30 


inner wall 2-3, punctate-verrucose, outer wi 


striate; aeciospores globoid, ellipsoid, or oblong, 16-26 
( 43) pw, wall yellowish, 1 2 » thick, coarsely yverrucose vitl 
flat tubercles. Uredia hypophyllous, scattered, round 
lent, cinnamon-brown or vellowish, O.1—-0.5 > mn 
urediospores oblate-spheroid, 20-25 p» broad by 17 


cinnamon-brown, echinulate, 1-1.5 ~ thick, pores 1 or 
subequatorial. Telia hypophyllous, scattered, round, comp. 
namon- or chestnut-brown, becoming cinereous from germinatior 


0.2—-1.0 mm. in diameter ; teliospores clavate, evlindrical or narrow! 


above, somewhat narrowed below, sharply constricted at the sep 


ellipsoid (13 16 23 x (43 50 SO foto) wa, rounded or trunente 


tum, germinating without a resting period: wall cinnamon-brown 
apical, of lower at the cl 


smooth, 1—1.5 » thick, pore of upper cell 


tum, each covered by a hyaline umbo 3-6» thick; pedicel hyaline 


thin-walled, fragile, frequently breaking away completely, 


OCCASION 
ally persisting and up to 80 p» long 

Hosts AND DISTRIBUTION: Salzta derasa Benth.. Keuador: Sal 
via tortuosa Kunth, “ecuador 

Tyre LOCALITY: Quito, Ecuador, on Salvia derasa 

ILLUSTRATIONS: Fic. 3 (from type). 

SPECIMENS EXAMINED: On Salvia derasa; Quito, lecuador, 
14, 1920, Holway 889 (type) On Salvia tortuosa: Ouito, 
dor, Aug. 21, 1920, Holway 930; Pichincha, ecuador, Ds 
1938, Balls 5879 

Puccinia albicera shows some resemblance to 2. soledadei 
Mayor, but differs from that species in having narrower teliospore 
and smaller urediospores \n additional point of difference n 
teliospore characteristics is in the nature of the apical umbo, whiel 
is smooth in P. alhicera, but striate in P. soledaden 

PUCCINIA SOLEDADENSIS Mayor, Mem. Soc. Neuch. Sci 


$94. 1913 
l’redo archeriana Kern, Thurston & Whetzel, Mycologia 25: 485 
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Spermagonmia and aecia unknown. Uredia hypophyllous, seat 


tered, round, pulverulent, chestnut-brown, 0.2—1.0 mm. in diameter 

urediospores variable, oblate-spheroid and 23-28 p broad by 20-25 » 
high, obovoid, 20-25 * 21-33 pw, or ellipsoid, 20-28 * 25-40(-43),; 
wall usually dark cimamon-brown, occasionally paler, sparsely and 
prominently echinulate, with conspicuous conical spines, 1.5—2 p i 
thickness, pores 2, rarely 3, equatorial or ',—'% subequatorial. Telia 
hypophy lous, scattered, round, compact, pulvinate, chestnut-brow1 

0.3-1.5 mm. in diameter; teliospores narrowly ellipsoid, oblong, o1 
subclavate, 20-30 * 43-56 p, rounded above, rounded or narrowed 


below, constricted at the septum, germinating without a resting pe 


riod: wall cinnamon-brown, smooth, 1—1.5 » thick; pore ol uppel 


i 
] 
| 


cell apical, capped by a striate, hyaline or yellowish umbo 4-7 p 


thick, pore of lower cell next to the septum, covered by a hyaline 
or yellowish umbo 3-4 thick; pedicel hyaline, thin-walled, pet 
sistent, usually equal to the spore in length, occasionally up to 70 p 
long 

Hosts AND DISTRIBUTION: Salvia angulata Benth., Venezuela: 


Salvia bogotensits Benth., Colombia : 


Salvia calocalicina Brig., Col 
ombia; Salvia latens Benth., Colombia; Salva sp., Colombia 

Type Locatiry: Soledad, Colombia, on Salvia sp 

ILLUSTRATIONS: Mayor, Mem. Soc. Neuch. Sci. Nat. 5: Fic. 26; 
this paper, Fic. 4 (from type). 

SPECIMENS EXAMINED: On Salvia angulata;: Merida, Venezuela, 
Jan. 20, 1928, Pittier 12042. On Salvia bogotensis: Soata, Dept 
Boyaea, Colombia, Sept. 6, 1938, Cuatrecasas 1000. On Salvia 
calocalicna;: Salento, Dept. Caldas, Colombia, July 25-31, 1922 
Pennell 8907. On Salvia latens: Sta. Elena, Colombia, Dec. 28, 
1930, Archer [1-207 (type of Uredo archeriana). On Salvia sp 
Soledad, Colombia, Oct. 6, 1910, Mayor 19 (type) 

Mayor (7) deseribed this species from a specimen having only 
the telial stage, and pointed out that its development resembled that 
of a lepto-form. However, during the course of the present study 
the writer obtained specimens of P?. soledadensis in which uredia as 
well as telia were found. These specimens are on leaves of Salva 
hogotensis and S. calocalicina obtained from the phanerogamic 
collections of the U. S. National Herbarium. 

The urediospores of ?. soledadensis are variable in shape, rang 
ing from oblate-spheroid to narrowly ellipsoid. The wall is char 


acteristically dark cinnamon, with large, conical spines 
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Teliospore 


nspersa (irom 


XO) 7 Teliospo 





Mycorocta, Vor. 


\n examination of the type specimen of Uredo archeriana dur 


ing this study revealed the presence of a sorus bearing teliospores of 
P’. soledadensis. Vhe urediospores in this specimen are larger and 
more narrowly ellipsoid than those of the other specimens of P 
dledadensis, but agree well in wall color and type of echinulatior 

In accord with these findings l’redo archeriana is reduced to 


synonymy with 77. soledadens 


PUCCINIA CONSPERSA Diet. Hedwigia 36: 30 1897 

Puccinia uliginosa Speg. Anal. Mus. Nac. Hist. Nat. Buenos 
\ires 23: 26. 1912 (not P. uliginosa Juel 1894). 

Spermagonia epiphyllous, in groups, subepidermal, globoid, ci 
namon-brown, 85-165 in diameter. Aecia amphigenous, aeci 
dioid, scattered or in groups up to 2 mm, across or up to 3mm. 1 
length along the veins; peridial cell 
20-27 * 27-43 p in surface view, inner wall 2-4 p, coarsely verru 


s elliptical or oblong, hyaline, 


7 


cose, the tubercles forming conspicuous ridges, outer wall 6-10 p 


] . ‘ “ 1 1 17 1 1 
finely verrucose; aeciospores globoid or ellipsoid, occasion: 


> > > e 


angularly ellipsoid or oblong, 16-23 * 23-33 4; wall pal 


l-2p thick, finely verrucose. Uredia hypophy! 


1 
lous, 

oll lverule } be ; heiabouiies vellowis] 
round, pulverulent, cinnamon-brown, orange, or yellowish, 
nun. in diameter; urediospores asymmetrical, broadly ellipsoid 
obovoid with the pores in surface view, narrower and more nearly 
oblong with the pores in optical section, 16-23 * 20-26(—30) p; 


wall pale cinnamon, echinulate, about 1 a thick, pores 2, equatorial 


Pelia hypophyllous, occasionally also caulicolous, scattered or in 


groups up to 2 mm. across, round or elliptic, pulvimate, somewhat 


~ 


compact, chestnut-brown, O.1-0.5 mm. in diameter on leaves, 0.: 
1.5 mm. across and up to 3mm. long on stems; teliospores ellipsoid 
or oblong, 17—23(—28) * 26-40(—43) p, rounded at both ends, not 
or slightly constricted at the septum, germinating without a resting 


period ; wall cinnamon-brown or yellowish, smooth below, ver 


lose or nearly smooth above, 1-1.5 » thick, thickened to 2 

the angles of the septum, pore of upper cell apical, of lower next to 
the septum, each capped by a hyaline umbo 2-4 thick: pedicel 
hyaline, thin-walled, fragile, frequently breaking away completely, 
when present about 1. the length of the spore, occasionally up t 


65 p long. 

HOSTS AND DISTRIBUTION: Salvia crenaria St. Hil., Brazil: Sal 
wa procurrens Benth., Argentina; Salvia sellowiana Benth., Brazil; 
Salvia serrata Benth. (Salvia pallida Benth.), Argentina; Salvia 
splendens Sellow, Brazil, Argentina; Sa/via uliginosa Benth., Ar 


gentina; Salvia sp., Brazil. 
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Type LOCALITY : Serra Geral, Brazil, on Salvia Sp. 
ILLUSTRATIONS: Syduw, Monogr. Ured. 1: Tab. XIX, Fic. 273; 
this paper, ic. 5 (from type) 


EK XSICCATI: Relig. Holw. 437, 483, 439 


SPECIMENS EXAMINED: On Salvia arenaria: Sao Paulo, Brazil, 
May 2, 1922, Holway 1802.) On Salvia procurrens: La Plata, Ar- 
gentina, March 28, 1947, Lindquist. On Salvia sellowiana: Sao 
Paulo, Brazil, May 6, 1922, Holway 1806.) On Salvia serrata: La 
Plata, Argentina Dec. 3, 1921, Lindquist. On Salvia splendens: 
Rio de Janeiro, Brazil, Aug. 15, 1921, Holway 1039; La Plata, 
\rgentina, April 17, 1924, Marchionatto 8352. On Salvia uligi- 
nosa: Buenos Aires, Argentina, June 4, 1910, Buisel (type of P. 
uliginosa Speg.); La Plata, Argentina, April 12, 1947, Lindquist. 
On Salvia sp: Serra Geral, Brazil, April, 1891, Ule 1776 (type) ; 
Rio De Janeiro, Brazil, Nov. 8, 1921, Holway 1285, 1300; Sao 
Paulo, Brazil, July 2, 1922, Holway 1993. 

The teliospores of Puccinia conspersa are somewhat like those of 
I’. soledadensis in general appearance, but are much smaller. The 
urediospores are characteristically asymmetrical with the pores lo 
cated in the flattened sides. 

Ixxamination of the type specimen of ?’. uliginosa Speg. shows 
that Jackson (5) was correct in listing this species as a synonym 
of P conspersa 
PUCCINIA CONSPERSA var. paramensis stat. noy 

Puccinia paramensts Mayor, Mem. Soc. Neuch. Sci. Nat. 5: 493. 
1913. 

A forma typica speciei differt teliosporis 16-22 ¥ 22-304; membrana 
uniformiter 1“ crassa, ad apicem granulo-verrucosa 

Spermagonia and aecia unknown. Uredia, urediospores, and 
telia as in the typical form of P. conspersa. Teliospores broadly 
ellipsoid, 16-22 22-30, rounded at both ends, slightly cor 
stricted at the septum, germinating without a resting period; wall 
about 1m thick, pale cinnamon or yellowish, granular-verrucos 
above, appearing smooth in the lower half, pore of upper cell apical, 
of lower next to the septum, each with a hyaline inconspicuous umbo 
1—2.5 » thick ; pedicel hyaline, thin-walled, fragile, usually breaking 


away at the point of attachment. 
On leaves of Salvia carnea Kunth in Colombia and on leaves of 
Salvia kilipiana pl. in Venezuela 
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Hosts AND DISTRIBUTION: Salvia carnea Kunth. Colombia: 


Salvia killipiana lepl., Venezuela. 
Tyre LocaALity: Paramos, Colombia, on Salvia carnea 
ILLUSTRATIONS: Mayor, Mem. Soc. Neuch. Sci. Nat. 5: Fic. 25 
SPECIMENS EXAMINED: On Salvia carnea: Paramos, Colombia, 

Oct. 5, 1910, Mayor S83 (type). On Salvia killipiana: Vagua 

Negra, Merida, Venezuela, Feb. 27, 1931, Reed S39 
In establishing Puccinia paramensis, Mayor (7) described only 

the telial stage. A close examination of his specimen during this 

study disclosed the presence of a few uredia bearing urediospores 
which agree well with those of 7’. conspersa. Later a specimen on 

Salvia killipiana, agreeing with Mayor's species and having abun 

dant uredia and telia, was obtained from the phanerogamic col 

lections of the U. S. National Herbarium. The teliospores in 
this specimen, although smaller and thinner-walled than those of 

P. conspersa, resemble the latter closely in the color and marking 

of the wall. It seems advisable on the basis of these observations 


to reduce P. paramensis to varietal rank 


6. Puccintia GILLiesi Speg. Anal. Soe. Ci. Argent. 47: 265 


1899. 
Puccinia obesa Sydow, Monogr. Ured. 1: 289, 1904 
Spermagonia not seen \ecia hypophyllous and caulicolous, 


short-cylindric, in groups up to 3 mm. across on leaves, up to 12 
mm. long and causing hypertrophy and distortion on stems; 
peridial cells elliptical, angularly oval or oblong, pale yellow, 16-33 

$3—100 » in suriace view, inner wall 7-10, thick, verrucose, 
outer wall 5—9 p» thick, finely striate; aeciospores variable in shape 
ellipsoid, pyriform, broadly fusiform, or oblong, 12-21 * 28-58 p, 
wall pale yellow, verrucose-tesselate with large, flat tubercles, 3-4 p 
thick at the sides, thickened to 5-7 » at the ends, frequently pro 
longed at one end to form a conspicuous beak 7—-14(—-18)y long 
Uredia amphigenous, scattered, roundish, pulvinate, compact, light 
chestnut or cinnamon-brown, 0.5—-4.0 mm. in diameter: uredio 
spores broadly ellipsoid, obovoid or globoid, 23-30 * 27-37 »; wall 
cinnamon-brown or yellowish, 4-0, thick, sparsely and promi 
nently echinulate, with large conical spines, pores 3-4, equatorial, 
obscure. Telia amphigenous, scattered, roundish, pulverulent, 
blackish brown, 0.5-2.0 mm. in diameter; teliospores ellipsoid, 
27-39 & 37-52 p, rounded at both ends, not or slightly constricted 
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at the septum; wall 5-8,» thick, thickened to 10-12 over the 
pores, obscurely and evenly verrucose with low, flat tubercles, 
laminate, the inner layer chocolate- or dark chestnut-brown, the 
outer cinnamon or yellowish, pore of upper cell apical, of lower 
about * of the distance between the septum and the pedicel, each 
pore covered by a yellowish, slightly umbonate thickening ; pedicel 


brownish or yellow next to the spore, becoming hyaline downward, 


thick-walled, persistent, occasionally attached obliquely, 6-8 » in 
width at the point of attachment, up to 150, long 


Hosts AND DISTRIBUTION : Salvia bangit Rusby, Bolivia; Salvia 
guhesu Benth., Argentina; Salvia huimboldtiana Dietr.. Leuador 

Tyee Locanity : Cordoba, Argentina, on Salzia gilliestt 

ILLUSTRATIONS: Sydow, Monogr. Ured. 1: Tab. XIX, Fic 
272; this paper, Fic. 6 (from type) 

SPECIMENS EXAMINED: On Salvia bangti: Cochabamba, Bolivia, 
Keb. 23, 1920, Holway 374. On Salvia gilliesti: La Falda de Ia 
Punilla, Prov. Cordoba, Argentina, Sept. 12, 1896, Hieronymus 
(type of P. obesa); Cordoba, Argentina, May, 1899, Stuckert 
6954 (type); Cacheuta, Argentina, March 9, 1909, Spegazzini: 
Prov. Salta, Argentina, April 8, 27, 1925, Venturi 3674, 3764; San 
Rafael, Mendoza, Argentina, Nov. 30, 1940, Leal 69/6; Las Heras, 
Mendoza, Argentina, July 27, 1941, Leal 76/5; Las Heras, 
Mendoza, Argentina, May 7, 1944, Leal 9332. On Salvia hum 
boldtiana: Ambato, Prov. Tunguragua, Ecuador, July 9, 1939, 
Balls 7752. 

Puccinia gilliesti is readily distinguishable from other species 
on Salvia because of the thick-walled, prominently echinulate 
urediospores. The number of germ pores is somewhat variable, 
with 3- and 4-pored urediospores occurring in approximately 
equal numbers. The aecia and aeciospores of this species are much 
like those of P. roes’eliiformis and IP. sphacelicola. The aecio 
spore wall is distinctive, however, in being markedly thickened at 
the ends and frequently prolonged to form a conspicuous beak 

Although the teliospores of 2. gilliestt resemble those ot 7 
acnigmatica Jacks. & Holw. and P. porphyretica Jacks. & Holw 
in having thick, bilaminate walls, they differ in the position of the 


pore in the lower cell and in the type of wall sculpturing. 
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PUCCINIA AENIGMATICA Jacks. & Holw. Mycologia 24: 72 
1932 
Spermagonia and aecia unknown. Uredia amphigenous, scat 
tered, round, pulverulent, chestnut-brown. 0.2-0.5 mm. in diam 
ter; urediospores oblate-spheroid, 23-30 » broad by 20-23 » high; 
wall dark cinnamon-brown, echinulate, 1—-1.5, thick, pores 2, 
rarely 3 or 4, usually near the hilum, occasionally '.—'% subequa 
torial. Telia amphigenous, scattered, round, pulverulent, blackish 
brown, 0.3—-1.0 mm. in diameter; teliospores broadly ellipsoid ot 
globoid, 30-38 x 3346p, rounded at both ends, not constricted 
at the septum; wall laminate, chestnut-brown, coarsely verrucose, 
5-8 » thick, thickened to 10-14» and paler over the pores, pore of 
upper cell apical, of lower near the septum; pedicel hyaline, thick 
walled, persistent, 8-11 » wide at the point of attachment, up to 
150 » long 


Hosts AND DISTRIBUTION: Salvia bang Rusby (Salvia ery 
thradena Brig.), Bolivia; Salvia haenket Benth., Bolivia; Salvta 
orbignaet Benth. (Salvia kuntseana Brig.), Bolivia; Salva sar 
mentosa lepl., Peru 

Type Locanity: Cochabamba, Bolivia, on Salvia orbtqnaet 
(Salvia kuntzeana ) 

ILLUSTRATIONS :F 1G. 7 (from. type). 

Iexsiccati: Reliq. Holw. 477, 478 (the latter as Puccinia 
mitrata Syd.) 

SPECIMENS EXAMINED: On Salvta bang: Cochabamba, Bolivia, 
March 10, 1920, Holway 286.) On Salvia haenket: Cochabamba, 
Bolivia, June, 1947, Cardenas 225. On Salvia orbtgnaei: Cacha 
hamba, Bolivia. March 1, 1920, Holway 254 (type) on Salvia 
sarmentosa;: Olantaytambo, Peru, April 26, 1915, Cook & Gilbert 


4 nN 


/ 

One of the specimens cited above, Cardenas’ No. 225 on S 
haenkei, has urediospores which range in shape from globoid to 
broadly ellipsoid and thus do not agree completely with those of 


the type. However, the position of the pores and the thickness of 


the wall, as well as the size of uredia, indicate that this specimen 


should be referred to P?. aenigmatica 
Holway’s specimen on S. bangit (S. erythradena) was originally 
) 


determined as P??. mifrata by Jackson (5) \lthough the uredio 


spores in this specimen approach those of 7’. mitrata in size, 1n all 
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other respects the specimen agrees well with P?. aenigmatica and 


is accordingly referred to that species. 


8. PUCCINIA PORPHYRETICA Jacks. & Holw. Mycologia 24: 76, 
1932. 
Spermagonia and aecia unknown. Uredia amphigenous, scat 
tered, round, pulverulent, chestnut-brown, 0.4—3.0 mm. in diam«e 
ter; urediospores broadly ellipsoid or obovoid, 20-26 K 24-34 p; 


wall cinnamon-brown, prominently echinulate, about 3, thick, 
pores 2, equatorial. Telia amphigenous, scattered, round, pul 
verulent; chocolate-brown, 0.3-5.0 mm. in diameter; teliospores 
broadly ellipsoid or eloboid, 20-38 X SO 1 ys, rounded at bot! 
ends, not constricted at the septum; wall distinctly laminate, unt 
formly light chestnut- or cinnamon-brown, occasional! lar] 
chestnut-brown, coarsely verrucose, 5-8 » thick, thickened 


l4y and paler over the pores, pore of upper cell apical, of 


next to the septum; pedicel hyaline, thick-walled, persistent, 6-10 


in width at the point of attachment, up to 130, long 


LlosTs AND DISTRIBUTION : Salvia haenkei Benth. (Salvia brida 
sa. Britton, Salvia pseudoavicula Briq.), Bolivia; Salvia sp 
Peru 

Type LocaALtity: Cuzco, Peru, on Salvia 

ILLUSTRATIONS: IG. 8 (from type). 

Kxsiccati: Reliq. Holw. 476, 419, 425 

SPECIMENS EXAMINED: On Salvia haenkei: Cochabamba, Bo 
livia, Feb. 26, 1920, Holway 329; Sorata, Bolivia, April 15, 1920, 
Holway 527. On Salvia sp.: Cuzco, Peru, July 4, 1920, Holwa 
761 (type). 

Puccinia porphyretica and Puccinia aenigmatica are 
tatives of a group of New World Sa/via rusts which res 
another closely with respect to teliospore characters 
species in this group are Puccinia mitrata Syd. and P 


tilis Arth., known to occur only in North America (2) 


broad teliospores with thick, coarsely verrucose, bilamiunate 


These rusts can be separated on the basis of urediospore 
ters, size of uredia, and the nature of the teliospore pedicel 


chief points of distinction are given in the following key 
Teliospore pedicel thin-walled, 70-100 « long 
Urediospores 16-21 20-23 bu 


Urediospores 20-23 * 23-29 u 
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lhospe re pedi | [ ] walled, 100 150 u long 


Urediospore wi »@ thick, uredia 0.2-0.5 
in diametet 
| 


Urediospore 


in diameter 


Q, PUCCINIA CONTURBAT \ Jacks. & Holw. Mycologia 24 


Spermagonia and aecia unknow1 Uredia hypophyllous, seat 


tered, round, pulverulent, cinnamon-brown, O.2—0.5 mm. in diam 
ete! . urediospore . oblate spl ¢ roid, Bak 20) u } road by 2 ) 22? pu | ih 
Or obovoid., 1S 24 x PEs 25 wall cn Namo brow . close ly echn u 


ae 


late, 1-1.5 » thick in the upper two-thirds, becoming 2-2.5(—3) p 
thick and darker in the lower third, pores 2, occasionally 3, about ! 
subequatorial Pelia hypophyllous, scattered, round, pulverulent 
blackish brown, O.1—0.5 mm. in diameter 
oblong, 23-26 led 


1 


at the septum; wall dark chestnut-brow1 
in thickness, 


11 


1020. 
1920, Holw 


pore ) l Specie 


\merica species, 


tinictiol 


] 


10. Puccinia mitoensis 


spermagonil 
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atro-brunneis, 0.1-0.5 mm. diam.; teliosporis ellipsoideis vel oblongis, 18-24 
26-32 4, utrinque rotundatis, medio non vel leniter constrictis; membrana 
= | 


castaneo-brunnea, 1.5-2.5@ crassa, supra poros usque ad 4 in umbonem 


pallidiorem incrassata, obscure rugoso-reticulata; poro superiore apicali 
inferiore juxta pedicellum ito pedicello hvalino. fragil. | 

Spermagonia and aecia unknown. Uredia hypophyllous, scat 
tered, round, pulverulent, cinnamon-brown, 0.2—0.5 mm. in diam 
eter; urediospores oblate-spheroid, 23-30 » broad by 20-26 » high; 
wall cinnamon-brown, moderately echinulate, 1.5—2 » thick, pores 
2, occasionally 3, about 4 subequatorial or occasionally equatorial 
Telia hypophyllous, scattered, round, pulverulent, blackish brown 
0.1-0.5 mm. in diameter; teliospores ellipsoid or oblong, 18-24 
26-30 p, rounded at both ends, not or slightly constricted at the 
septum; wall chestnut-brown, obscurely rugose-reticulate, 1.5-2.5 p 
in thickness, thickened to 3-4 » at the angles of the septum, pore ot 
upper cell apical, of lower next to the pedicel, each capped by a 
flat yellowish umbo about 2p» thick; pedicel hyaline, thin-walled 
fragile, usually breaking away at the point of attachment 

On leaves of Salvia punctata var. glabra in Peru 

Hosts AND DISTRIBUTION: Salvia punctata R. & V. var. glabra 
Kpl., Peru. 

Tyre LOCALITY; Mito, Peru, on Salvia punctata var. glabra, 

ILLUSTRATIONS: Fic. 10 (from type). 

SPECIMEN EXAMINED: On Salvia punctata var. glabra: Mito, 
Peru, July 8, 22, 1922, Macbride & Featherstone. 

Puccinia mitoensis is much like P. conturbata, but ditfers in hav 
ing smaller, thinner-walled teliospores in which the pore of the 
lower cell is located next to the pedicel The finer, less conspicu 
ous marking of the teliospore wall in P?. mitoensis serves further in 
distinguishing the two species 


11. Pucernta sana Jacks. & Holw. Mycologia 24: 77. 


Spermagonia and aecia present but too old for accurate descrip 
tion. Uredia hypophylious, scattered, round, pulverulent, cimna 
mon-brown, 0.1—0.5 mm. in diameter ; urediospores oblate-spheroid 


23 26 ps broad by 20 23 pp high, or occasionally obovoid OT ellipsoid, 


20-23 * 23-26 4; wall connamon-brown, moderately echinulate 
1-1.5y thick, pore 1, equatorial. Telia hypophyllous, scattered, 
round, pulverulent, chestnut- or chocolate-brown, 0.1—0.5 mm. in 
diameter ; teliospores broadly ellipsoid or oblong, 20-27 * 26-36 p, 
rounded at both ends, not or slightly constricted at the septum ; 
1 


all 13 mien cw clei. on ee ‘. 
wall light chestnut-brown or cinnamon-brown, finely and evenly 
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verrucose, 1.5—2 » thick, thickened to 3 » at the angles of the septum, 
pore of upper cell apical, of lower next to the septum, each capped 
by an inconspicuous hyaline umbo 1—2.5 » thick; pedicel hyaline, 
thin-walled, fragile, usually broken off at or near the spore, occasion 


ally up to 40 » long. 


HOSTS AND DISTRIBUTION : Salzta leucocephala Kunth, Ecuador ; 
Salvia sp., Kceuador. 

Type Locatity: Huigra, Ecuador, on Salvia leucocephala. 

ILLUSTRATIONS: Fic. 11 (from type). 

SPECIMENS EXAMINED: On Salvia leucocephala Kunth: Huigra, 
Ecuador, Aug. 4, 1920, Holway &35 (type); Huigra, Ecuador, 
Aug. 4, 1920, Holway 839.) On Salvta sp.: Chimborazo, Ecuador, 
Sept., 1891, Lagerheim. 

Jackson (5) pointed out that Puccinia sana appeared to be mucl 
the same as an undescribed collection from Ecuador under the nami 
Puccinia andicola Lagerh. The writer has examined a portion of 
Lagerheim’s collection and has found that it is a specimen of 7? 
sana. Although a few aecia are present they are too old to permit 


accurate descripti mn 


12. PUCCINIA SPHACELICOLA Jacks. & Holw. Mycologia 24: 67 
1932. . 

Spermagonia amphigenous, in groups, subepidermal, globoid, 
chestnut-brown, 1OO-180, in diameter \ecia amphigenous, 
chiefly hypophyllous, cylindric, 0.5-1.0 mm. in diameter and 1-3 
mm. high, in groups up to 5 mm. long on leaf veins; peridial cells 
angularly oval or elliptical, vellowish, 30-40 * 34-50 p» in surface 
view, inner wall 9-12, thick, verrucose, outer wall 7-9 » thicl 
finely striate; aeciospores globoid, ellipsoid, pyriform, or broad] 
fusiform, 23-32 x 30-42 »; wall pale vellow or hyaline, verrucose 
tessellate, 3-4 thick, occasionally prolonged at one end to forn 
a papilla or short beak. Uredia unknown, probably lacking 
Telia epiphylious, scattered, round, compact, becoming pulverulent 
chestnut-brown, 0.5-1.0 mm. in diameter; teliospores ellipsoid o1 
oblong, 23~30 X 28-37 ph, rounded at both ends, not constricted at 
the septum; wall cinnamon-brown, paler over the pores, finely and 
evenly punctate-verrucose, appearing striate, about 2 » thick, thicl 


ened to 3-4 w over the pores and to 4-5 » at the septum angles, por 


of upper cell apical, of lower next to the pedicel; pedicel hyaline 


thin-walled, fragile, breaking at or near the point of attachment 


occasionally attached obliquely. 
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Hosts AND DISTRIBUTION: Salvia rumucifolia Kunth, Ecuador. 

ILLUSTRATIONS: Fic. 12 (from type ). 

KxsciccatTi: Reliq. Holw. 426 (host listed as Sphacele paniculata 
Benth. ). 

Specimens examined : On Salvia rumictfolia: Riobamba, Ecuador, 
Aug. 10, 1920, Holway 865 (type) ; Quito, Ecuador, Aug. 23, 1920, 
Holway 937; Riobamba, ecuador, Feb. 4, 1934, Schimptt 

Jackson (5) described Puccinia sphacelicola from Holway’s 


5. collected at Riobamba, [ecuador. \t that time the host wa 


0) 


determined as S} haceli pan culata Benth lLater. Ie) ling (4) cited 


Holwav’'s No AOD asa specime! ol Salz 1a 


men cited above as Schimpff ¥s3 


nal Herbarium. 


telia of P. 


from the phanerogamie collection 
These leaves were found to bear 


Sf hacelicola. 


13. Puccinia striatifera sp. no 


Spermagoniis, aecus et uredius adl 
datis, pulverulentis, castaneo-brunnei 
yreye 
utrinque rotundati 
uniformiter 2 cra 
] 


poro superiore apical, 


fragili, brevissimo 


Spermagonia, aecia and uredia unknow “unphigenous 
round, compact, becoming pulverulent, chestnut-brown, scattered 


0.2—1.5 mm. in diameter or in groups up to 4mm. across ; telio 


SmMmores 
I 


ellipsoid, 20-26 36-43 (—52) », rounded at both ends, constricted 


1 


at the septum; wall cimnamon-brown, untiorm, 


thickened slightly to about 3 over the pores, 
pore of upper cell apical, of lower next to the p 4 1 hya 


1] 


line, thin-walled, fragile, breaking away at the pomt of atta hment 


} 


On leaves of Salvia revoluta in Peru 


HOSTS AND DISTRIBUTION : Salvia revol 
Type LocALity: Huariaca, Peru, on 
ILLUSTRATIONS: Fig. 13 (from type 
SPECIMENS EXAMINED: On Salvta 
Sept 13, 1922, Macbride & Featherstone 
This species, of which only the telial stage is knows 


a specimen obtained from the phanerogamic collections in the her 
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barium of the Chicago Museum of Natural History. It resembles 
LP. sphacelicola in the marking of the teliospore wall and the posi 
tion of the pore in the lower cell but differs in having longer telio 
spores which are constricted at the septum. The teliospore wall 
in P. striatifera is also much more uniform in thickness, lacking 


the thickening at the angles of the septum. 


14. Puccinta IMpepITA Mains & Holw. apud Arthur Mycologia 
10: 135. 1918. 

Uredo salviarum Mayor, Mem. Soc. Neuch. Sci 
1913 

Bullaria impedita Arth. & Mains, N. Am, Flora 7: 493. 1922 

SPECIMENS EXAMINED: On Salvia cataractarum Briq \ndes 
Orientales, Dept. Cundinamarea, Colombia, Oct. 12, 1910, Mayor 
19, On Salvia macrostachya Kuntl Pangor, I:cuador, Sept 
189], lLagerheim. 1 Salvia mayornu Brig \ndes QOrientales, 
Dept. Cundinamarca, Colombia, Oct. 12, 1910, Mayor 47. On 
Salvia occidentalis Sw.: Trinidad, March 3, 1921, Seaver; Moruga 
Trinidad, March 19, 1921, Seaver; Huanuco, Peru, Sept. 23, 1922, 
Macbride & Featherstone On Salvia petiolaris Kunth 


y ; 


l’redo salviarum). On Salvia tilias 


Centrales, Dept. Antioquia, Aug., Sept., 1910, Mayor 


Sur Yungas, Bolivia, May 28, 1920, Holway 
curl, Nor Yungas, Bolivia, June 2, 1920, Holw: 
423) 

This species and the one immediately foll 
North America Descriptions of them can be 


Cummins (2) on the North America 


teliospore 
\mericat 
urediospores 
l'redo 
Diet. & 
to synonymy with P. 
Whetzel (6), on the basis of the ni and position of 


pores. The writer has examined Mayor’ pecimet 
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viarum and has found that this species agrees more closely with 
P. impedita, It has accordingly been transferred to synonymy with 


the latter Spec 1S 


15. PUcCCINIA FARINACEA Long, Bull. Torrey Club 29: 115. 1902 
Puccinia prospera Arth. Bull. Torrey Club 46: 118. 1919 
Dicacoma prosperum Arth. N. Am, Flora 7; 414. 1921 
Dicaeoma farinaceum Arth. N. Am. Flora 7: 411. 1921. 
SPECIMENS EXAMINED: On Salvia rhinosina Griseb.: Jujuy, 

\rgentina, Feb. 15, 1939, Balls 6067. On Salvia stachydifolia 

senth.: Cagunilla, Bolivia, March, 1933, Cardenas 439. On 

Salvia sp.: Vespucio, Dept. Oran, Argentina, July 14, 1937, 

Cabrera 4/86 
This highly variable species is widely distributed in North 

\merica, where it occurs from the central United States south 

ward through Central America. The known range is here ex 

tended to include Bolivia and Argentina. 
The collection on Salzia sp. from Argentina, Cabrera’s No 

4186, exhibits a phenomenon observed previously (2) in a speci 

men of P. farinacea from Guatemala. In addition to the typical 


overwintering spores the telia contain numerous pale, thin-walled 


teliospores which germinate without a resting period. The labil 


ity exhibited by such collections may be an indication that 7’ 


farinacea is tending toward the microcyclic condition 


IeXCLUDED SPECIES 


Puccinia griseola Lagerh, apud Syd., Monogr. Ured. 1: 296 


1904. 

This species has sessile teliospores and belongs in the genus 
Polioma, which has recently been reinstated by Baxter and Cum 
? 


mins (3) to accommodate four species having celled sessile 


teliospores 


Puke Arruur HERBARIUM, 
Purpue University AGRICULTURAL EXPERIMENT STATION 


LAFAYETTE, INDIANA 
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GERTRUDE SIMMONS BURLINGHAM 
1872-1952 


rep J. SEAVER 
(WITH PORTRAIT ) 


Dr. Gertrude S. Burlingham, well-known mycologist, passed 


away January 11, 1952 in her home in Winter Park, Florida, after 
a rather extended illness. Miss Burlingham was born in Mexico, 
New York, April 21, 1872, and spent all of her professional lite 
in her native state. For many years she was a teacher of biology 
and grade adviser at Eastern District High School, Brooklyn 
Early in her career, however, she adopted Vermont as her second 
home and throughout her professional life she spent her summers 
in her adopted state 

My first contact with Dr. Burlingham was while at the New 
York Botanical Garden, when on week ends this modest, quiet little 
woman used to wander into the herbarium and browse through the 
collections checking up the material collected by her during her 
summer vacation. How well do I recall how she showed with 
great pride the picture of the house she had built for herself on 
Newfane Hill, Vermont, in 1914. Even after her retirement to 
Mlorida in 1934 she continued to migrate with the birds to the old 
nesting place returning at first from California and later from 
Florida, where she purchased a winter home in 1936. At her 


loved 


request her physical remains were interred on the [fill she 


so much during her lifetime. But scientists, like “old soldiers,” 
never die. They merely pass on but continue to live through 
the contributions they have left behind. 

Dr. Burlingham was an outstanding authority on the genera 
Russula and Lactarius Her interest, however, was not confined 
to these forms. She had a wide knowledge of the fungi in gen 
eral and having grown up on a farm she was an all-round natu 
ralist. In her zeal for field knowledge of the fungi she spent three 


seasons collecting on the Pacific coast, in Washington, Oregon and 


136 
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Calitorma, and made a journey to Sweden to collect with the 
Swedish students of the Hymenomycetes, Lars Romell and Seth 
Lundell, and the Danish master, Jacob Lang: This, of course, 
was in addition to her constant field work along the Atlantic 
coast. She was a graduate of Syracuse University and took het 


doctor's degree in Columbia University in 1908. Much of her 


GERTRUDE SIMMO> BURLINGHAM 


Photograph by Tooley-Myron Studi 


early work was done at the New York Botanical Garden and it 
is therefore quite appropriate that her extensive collections should 
be left to that institution, as has been done. A list of her pub 
lications, prepared by Dr. H. W. Rickett of the New York 


Botanical Garden follows 


Some Lactarii from Windham County, Vermont. Bull. Torrey 
Club 34: 85-95. 9 Ap. 1907 


Suggestions for the study of the Lactariae. Torreya 7: 118-123 
19 Je 1907 
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; 


\ study of the influence of magnesium sulphate on the growth of 


seedlings. Jour. Am. Chem. Soc, 29: 1095-1112. f. 1-5. Jl 
1907. 

\ study of the Lactariae of the United States. Mem. Torrey 
Club 14: 1-109. f. 1-15. 26 My 1908. 

The Lactariae of North .\merica—Fascicles I and I] \l yeologia 
2: 27-36. 1 Ja 1910 

Phe Lactarieae of the Pacific Coast. Mycologia 5: 305-311. 
25 N 1913. 

| A\garicaceae.| Tribe 2. Lactarieae. N. Am. Flora 9: 172-200. 
3 F 1910. 201-236. 30 Ap. 1915 

Methods for satisfactory field work in the genus Russula. Myco- 
logia 9: 243-247. 30 Jl 1917. 

New species of Russula from Massachusetts. Mycologia 10: 93 
9%. 4 Ap 1918 

\ preliminary report on the Russulae of Long Island. Mem 
Torrey Club 17: 301-306. 10 Je 1918. 

Some new species of Russula. Mycologia 13: 129-134. pl. 7 
f. 1-6. Je 1921 

Notes on species of Russula. Mycologia 16: 16-23. pl 
19 Ja 1924. 

Two new species of Lactaria. Mycologia 24: 460-463 
1S 1932. | 

New or noteworthy species of Russula and Lactaria. Mycologia 
28: 263-267. f. 1-N. 1 Je 1936. 

Two new species of Russula together with the spore ornamenta 
tion of some of our American russulas. Mycologia 31: 490 
198. f. 1-14. 1 Au 1939 

Interesting species of Lactariae from Florida. Mycologia 32 
575-586. f. 1-4. 1 © 1940 (with Henry Curtis Beardslee). 

Spore ornamentation of some American Russulae and a new spe 
cies of Lactaria. Mycologia 34: 8-12. f. J-14/. 1 F 1942 

Studies in North American Russulae \lycologia 36: 104-120 
f. 7,2. 1 F 1944 

Noteworthy Spee ies ot Lepiota and Lac faria \I veologia 37: 53 
64. f. 1-7. 3 F 1945 

Henry Curtis Beardslee. Mycologia 40: 505, 506. port. 295 





RENE VANDENDRIES 
1874-1952 


Haro_p J. Bropit 


(WITH PORTRAIT) 


Mycologists in America join their colleagues in Europe and else 
where in marking with sorrow the passing on March 28, 1952, of 
the renowned Belgian savant Dr. René Vandendries at his villa in 
Rixensart, Belgium 

In a modest laboratory attached to his home this man, single 
handed, contributed a monumental volume to the knowledge of 
sexuality among basidiomycetous fungi. His name is associated 
forever with the names of Bensaude, Kniep, Buller and others who 
were responsible for revealing the unique characteristics of sex 
uality in the higher basidiomycetes. Vandendries’ contribution to 
this “realm,” as he called it, is two-fold: he analyzed the mating 
behavior of mycelia of many species and he carried out extensive 
and detailed studies of races of these fungi to determine the distri 
bution of genes governing sexuality not only in large numbers of 
populations of European origin but also in populations from 
America. 

Study of the subject of multiple-allelomorph heterothallism = in 


the fungi as reviewed in 1949 by Whitehouse (see below), shows 


clearly that Vandendries’ methodical research on fifty-five different 


species of Hlymenomycetes was no mere cataloguing of their pat 
terns of sexual behavior. From data of this kind Whitehouse and 
others have been able to present a remarkably full account of the 
distribution of homothallism and of bipolar and tetrapolar hetero 
thallism among the Hl ymenomycetes and to state important general 
zations as to the number of alleles at the loci for heterothallism in 
natural populations of the fungi. When it is realized that the 
analysis of each species or each race represents, on the average, 
the results of some three hundred pairings between single-spore 


139 
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mycelia, it becomes evident that students of genetics 


of the fungi owe much to Vandendries’ work 
Vandendries was born in Louvain in 1874, the son of Flemish 
parent \t the University of Louvain he studied botany under 


the tutelage o and th obtained the degree Doctor of 


Natural Sciences in 1898. Later he became a professor of the 
\thenee Royale of Antwerp and he taught also at Bruges and else 
where (pon retirement from university life in the late 1920's, 
Dr. Vandendries became an Inspector of those schools in Belgium 


which would be designated in America as normal schools 


teachers’ colleges. In whatever protessional capacity he 


Vandendries was eminently successful: as a teacher he w: 
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In exposition and exacting in requirements; as an inspector he is 
remembered as a severe critic but a kindly judge 

Many honors were bestowed upon Dr. Vandendries by his coun 
try and by learned societies \mong these may be mentioned: 
Commander of the Order of Leopold, Grand Officer of the Order 
of the Crown of Belgium, Member of the Royal Theresian \cademy 
of Belgium and Member of the Roval Botanical Society of Belgium 
Phe Botanical Society of America elected him Corresponding 
Member in 1947 

Dr. Vandendries married Anne Virginie [relinckx who pre 
deceased him in 1948. He is survived by one son, Henry, of the 
evangelical Mission of Brussels, and a nephew, Dr. Corneille 
Vandendries, a chemist 

Prior to World War II], Vandendries went to live in Portugal 
because of his wife’s poor health. There for several years the 
couple lived under conditions almost of privation owing to isolation 
from their native land and to the inaccessibility of their pension 
income. Scientific work was impossible for Vandendries during 


this time, but it was characteristic of him not to remain idle. 


Despite the burden of his wife’s illness and his own failing strength, 


he began the writing of a long series of personal narratives under 


the title of “Contes et Souvenirs.” Six volumes of these in long 


hand remain unpublished Phe delightful stories drawn trom 


his own experiences and reveal his true character Phe pages are 


filled with keen observations of nature, with fine humor and with 


at the 


\1 


a deep appreciation of beauty. Tle recounts his experiences 


International Genetics Congress in Ithaca which he attended by 


invitation in 1932; he reveals the pleasure derived from the visit 
to his laboratory of the late Professor |] 1] \lorgan: he tells 


amusing anecdotes about collecting and studying fungi 


Ilis stories 
of dogs and cats he has “known” remind one of [a lontaine, so 
beautifully and entertainingly are they written 

His students remember Vandendries as a short rather dapper 
man with an aristocratic bearing whose paramount personal chat 
acteristics were kindliness and good humor lo be received into 
his happy household not only as a student but almost as a son, wa 
an experience of incalculable value. One was expected to put in 


long hours in the laboratory, but on Sundays there were walks 
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through the woods from Brussels to Wavre. On these occasions 
Vandendries would throw great energy and enthusiasm into hunt 
ing for fungi but would stop to examine and comment upon any 
thing of special interest from geological formations to flowering 
plants and from Flemish pastry shops to gems of architecture. 
Despite his broad interests, his knowledge was amazingly profound. 
\t other times there was music: Vandendries was an accomplished 
violist and Madame had at one time sung in the Brussels opera. 


His last admonition to the department student was usually: “N« 


matter what you accomplish, your greatest reward will be the joy 


of the work itself.” 
Reference to over fifty of Vandendries’ most important publica 


tions may be found in the articles which are listed below. 


1. Quitanilha, A. 1933. Le probléme de la sexualité chez les cham- 
pignons. Bol. Soc. broteriana 8: 1-100 
2. Vandendries, R. 1931. La contribution belge a l'étude du probléme 
sexuel des champignons. Comptes Rendues Congr. Nat. des Sciences 
Brussels 1930. 1-9 
Whitehouse, H. L. K. 1949. Multiple-allelomorph heterothallism in 
the fungi. New Phytol. 48: 212-244 
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NOTES AND BRIEF ARTICLES 


PIGMENT Stupy or DacryMyces ELLIsII 


Basidiospores of Dacrymyces Ellis’ were germinated on malt 
agar. Bright vellow colonies O.5-4 cm. in diameter resulted 
\fter thirty days in the light at room temperature the colonies 
were manually removed from the agar. The collected colonies 
were homogenized and extracted with acetone The acetone ey 
tract was evaporated, the pigments taken up in petroleum ether and, 


after saponification, chromatographed. ‘Ten pigments were isolated 


rABLE 


a. Column 30 em 
ilumina grade F-20 
OO” ¢ ( \mounts 
atter extracttor 
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acid. e. Point of inflection ) spectra 
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10% methanol 1 cl 
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CAROTENOIDS FROM DACRYMYCES ELLISII 
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by far the major pigment was B-carotene (TABLE [).—CALvIN 


HANNA AND Thomas J. Butat, Departments of Pharmacology 


and Botany, State University of lowa 


\ LARGE SPECIMEN OF PoLyroRUS BERKELEY! 


\ 


The extremely large size of the fruiting bodies produced by 


Polyporus 


certain puffballs and polypores is always of interest 
Berkeley Vries is reputed to be the largest species of Polyporus 
"Ce IT 


found in the United States, and recently an unusually lar¢ 


BERKELE 


tification of this species was collected by Mr. Hl. EL. Wiebe and the 


author. ‘The fungus was fruiting at the base of a large white oak 


in the Duke University Forest, Orange ¢ ounty, North Carolina, 


and when collected on July 20, 1952, the fructification was found 


to weigh 45 pounds. It was roughly circular in outline and meas 


ured from 23 to 26 inches (58 to 66 cm.) in diameter, with a height 


of 13 inches (33 .em.). The accompanying photograph shows the 


many imbricated pilet making up the fruiting body 
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Other large iructitications of this species reported in the litera 
ture include the one Lloyd (Mycol. Notes, Polyporoid Issue, 3: 36 
1910) received from Trenton, New Jersey, which weighed 43 pounds 
and measured 26.5 by 36 inches (67 by 91 em.), with a height of 
13 inches (33 cm.), and the one Mellvaine (Qne Thousand Ameri 
can Fungi) saw in Boston, which was 4 feet (1.2 m.) tall and 2.5 
to 3 feet (76 to 91 cm.) wide Since this species is commonly 
pictured with a very long underground stem, there is no way ot 
knowing the relative proportion of stem to fruiting surface of the 
Boston specimen, and the weight was not given.—\V. Hl. WUILLs, 


Duke University 


NUTRITION OF MORCHELLA 


In a paper published by the author (Mycologia 43: 402-422. 


1952) on the nutrition of A/orchella esculenta, it was stated that 


littke work had been done on the physiology of JJorchella. Sine 


that time it 4 1 discoy l that a paper published by Ilans 
Hlurmt (The physiology of Aorchella « denta It ynthesis of 
aneurine un Various condition \litt. naturtorsch. Gses. Bert 


(See also | } 45-9140) has 


ered man tthe ] ts that the present aper investigates 


non-fruiting 1\ al form 


re is a paucity of morphological characterist1 


iro taxonon and ay be that nutritional response 


an adequate adjunct to the usual method PHOMA 


ircl 


hie International ( ode of Botanical Nomenclature (the title ot 


what amounts to the fourth edition of the Rules) arrived early in 


1 


November pies can secured by those not members of the 


International \ssociation. to itl laxonomy for $3.70 (paper ) 
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or $4.20 (buckram) through Dr ‘ed C. Rollins, Garay Her 


7 


barium, 79 Garden Street, Cambridge 38, Massachusetts 


\ New JAPANESE MycoLtocicaL JoURNAI 


Volume 1, No. 1 of NAGAOA, mycological journal of the Nagao 
Institute, 6-387, Iitashinagawa, Tokyo, Japan, has recently ap 
peared. .\ preface and introductory outline indicate that the 
Institute is a private foundation for research in industrial mycology 


NAGAOA 1s announced as Iiannual; the first number includes two 


papers of a series of “Enumerations of the Moulds of Japan,” a 


first report of “Studies of the Sporobolomycetaceae in Japan” (all 
in Ienglish), an article “On the Genus Graphiola found in Jap: 
(Japanese with Latin diagnosis), and a forty-page “List of 


tures.” The subseription price is $1.00 a year 





REVIEWS 


Pure Yeasts. A Taxonomic Stupy, by J. Lodder and J. J. W 
Kreger-van Rij. x1 +713 pp. 268 tigs. North Holland Pub 
lishing Co., Amsterdam; Interscience Publishers, Inc., New York 
1952. Price $19.50 

This remarkable compendium of all the yeasts, in one volume, 
provides an invaluable, authoritative guide and research tool for 
all who have any oceasion to consider the taxonomy or nomen 
clature of these fungi. Although based upon the three volumes in 
which the authors have monographed the yeasts over a 20-year 
period, the book is entirely new Modifications and additions over 


previous taxonomic works have been based upon and largely neces 


sitated by modern advances, especially in our knowledge of the 


biology, genetics, and physiology of veast The authors have 
been eminently qualitied in this tremendous task not only in thet 
own research experience but in the facilities at their command. At 
the Koninklyke Nederlandsche Gisten Spiritusfabriek, and the 
Yeast Division of the Centraalbureau voor Schimmelculturs, both 
at Delft, there has been assembled one of the most extensive col 
lections of yeasts available anywhere in the world 

The term yeast 1s used by the authors in its broad sense to in 
clude not only the ascosporogenous family, the Endomvycetaceae, and 
the inpertect family, the ¢ ryptococcaceae, but also the yeast-like 
fungi characterized by ballistospores and classified usually in the 
Sporobolomycetaceac Some may question the propriety of includ 
ing the Sporobolomycetaceac in a treatment of the easts 
tainly, however, its inclusion increases the utility of the book as 
euide in determining the identity of any yeast-like organism 

In addition to its seven chapters, a section in the back of the 
book is devoted to Latin diagnoses of 15 new species, 4 new varie 
ties, and 1 new genus \n author and a subject index are both 
provided as well as a list of references at the end of the chapte rs 


The subjects taken up in each chapter are as follows: I. Intro 
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duction. II. Characteristics and methods used in the classification 
If. Variation in yeasts and its significance in taxonomy. IV. Gen 
eral classification of the yeasts V. Discussion of the genera be 
longing to the Endomycetaceae. VI. Discussion of the genera 
Sporobolomyces and Bullera. VII. Discussion of the genera be 
longing to the Cryptococcaceae 

The initial division of the yeasts into three families is a mor 
phological one, based on the formation of ascospores, ballistospores, 
or the lack of either, Genera, as well as the families, are also based 
essentially on morphological characters pertaining to vegetative and 
sexual reproduction, Species and subspecies groups, however, are 
established for the most part on physiological properties. This is 
in general accord with the views of other systematists working with 
yeasts and derives from a conviction that in practice it is impossible 
to base a system of yeast taxonomy on morphological characters 
alone It is not a view, however, that will be accepted wholly by 
those mycologists who adhere to the morphological concept of spe 
cies championed repeatedly by the International Congresses. On 
this basis, the yeast species are in effect physiologic races and the 
genera, morphologic species 

foremost among the physiological tests used by the authors in 
separating species is the ability to ferment sugars with the forma 
tion of ethanol and carbon dioxide, employing such sugars as glu 
cose, mannose, tructose, galactose, saccharose, maltose, lactose, 
raffinose and inulin. lor the non-fermenting yeasts the property 
of using sugars as an assimilation and a respiration substrate has 
been the criterion in separating species. Other physiological proy 
erties, to be sure, have also been made use of, such as the assimila 
tion of nitrogen, other carbon and sulfur compounds, amino acids 
and the vitamins. 


ne of the interesting features of the book is the analysis made 


of the different morphological and physiological properties of yeasts 


from the standpoint of their suitability as taxonomic criteria. ‘The 
result has been the establishment of clearly set forth methods, care 
fully systematized and described, even to the details of the formu 
lation and the preparation of media. In general, the yeasts wer 
maintained on malt agar, and incubated at about 25° ( Purity 


was generally ascertained by the selection of single colonies from 
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dilution plates. Single cell transfers were resorted to in’ special 


Cases 

Variation in yeasts was found by analysis to be largely of 3 tvpes 
changes in the genotype, cytoplasmic changes, and sevregations 
The genotype changes were considered to be hereditary and to have 
arisen by mutation in contrast to cytoplasmic changes which arise 
in the plasma or structural elements other than the nucleus. ‘The 
changes from rough to smooth, likened to the S-R phenomenon in 
bacteria, accompanied by degeneration and loss of sporulation, are 
attributed to mutation but are reported to be reversible in some 
cases, stable in others. Those who have worked with mutations in 
other tung: may well question whether the mutations in yeasts are 


truly reversible when analyzed by the single cell culture method or, 


indeed, whether the changes referred to as reversible mutations are 
in fact true mutations 


\lthough remarkable changes in morphology or colony 
acters were attributed to mutation, these changes were ver 
accompanied by relatively slight changes in physiological 
] 


acters, 1e¢., fermentative powers, the changes being most! 


quantitative, seldom of a qualitative nature Phe conelusion 


physiological characters in the yeasts, more especially the fern 


tive properties, are fairly stable in spite of mutations stror 


ports the use of such properties in the delimitation of their 


or, for what mycologists in general would term, their 
Finally, after a discussion of the changes due to segregations, 


authors find themselves neither in accord with Winve 


orthodox Mendelian interpretation” nor with Lindegren’ 
revolutionary and confusing theory” in explanation of the 
observations which have been made of segregation chang 
\pparently the facts of variation are found “rather depressive” 
for the yeast svstemati&t Phe problem is how to take into account 
in taxonomy the changes of one kind or another which are con 


tinually recurring and which, it is understandingly claimed. are not 


guaranteed against by starting with a single yeast cell Phe cause 
of this dilemma, as seen by the authors, is that the morphological 
characteristics valued so highly in botanical taxonomy are very 
susceptible to all three types of variation. But is it not the real 


point that most botanists would not attempt to differentiate race 
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on morphological grounds? Yeast species are the horticultural 
varieties of the botanist. 

With this introduction of the problems in yeast taxonomy and an 
explanation of the current species concept in yeasts, the authors 
launch into the actual systemics of yeasts in Chapter IV, with 
simply constructed keys for the separation of families and genera 
Some 263 pages are devoted to the Endomycetaceae which includes 
keys, descriptions, diagnoses, historical surveys, synonyms, taxo 
nomic discussions, often line drawings, and summaries and litera 
ture lists. The Sporobolomycetaceae take up 28 pages and the 
Cryptococcaceae 296 pages. 

\ total of 25 genera, 165 species and 18 varieties are recognized 
in this book, if we have added correctly. It 1s a refreshing experi 
ence to find the emphasis in a taxonomic treatment of fungi placed 
on synonymy rather than on the creation of new species 

Written in English of great clarity, simplicity, and directness, the 
book is designed in such a form as to be readily used by any biolo 
gist interested in yeasts. It 1s indispensable to the zymologist and 
yeast technologist. [very mycologist would want it as a reference 
book. What better tribute could a mycologist pay to this excellent 
work than to hope some day that other groups of the fungi may le 


treated with similar lucidity and precision.—WILLIAM ©, SNYDER 


DiskASE IN PLANtTs. An Introduction to Agricultural Phyto 


) 


pathology, by Neil Ik. Stevens and Russell B. Stevens. xx + 219 
pp., 61 figs. plus additional cuts. Waltham, Mass., The Chronica 


Botanica Co., New York City: Stechert-Hafner, Inc 1952 


Price $4.75. Volume one of Chronica Botanica’s “Manual of 


Plant Sciences.” 

This is a unique and provocative book, well organized, very 
readable, clearly printed, and unusually free from mechanical er 
rors. The book differs materially from other texts in plant pathol 
ogy as details are omitted on specific diseases and techniques 
Instead, the authors discuss plant pathology on the basis of broad, 
veneral principles. The book awakens the readers to the intimate 
relationship between plant pathology and related Iiological fields, 


but sometimes the related subject could be more effectively inte 
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grated. Because of the general scope of the book, some may ques 
tion its value as an elementary text, unless it is used in conjunction 
with a standard text in plant pathology. 

The volume consists of twenty chapters covering a wide range 
of topics. Ixcept for the first two chapters, they are grouped 
under three main headings: causal agents of plant diseases, factors 
influencing the development of pathogenic diseases, and disease 
control. In most cases only a small number of references are cited 
at the end of each chapter. Hence, the value of the book, particu 
larly as a reference, could be materially increased, provided more 
original work were cited. The 61 illustrations, many of which 
have been published before, are in general of high quality; the 
volume also includes several cuts of historical interest \lthough 
the book is intended primarily as an elementary text, it has even 
greater value for general professional and cultural reading.—]. | 


CHRISTENSEN. 


INTRODUCTORY MycoLocy, by C. J. Alexopoulos. 482 pp., 187 
figs. John Wiley & Sons. 1952. Price, $7.00. 

The author of this text-book of general mycology has certainly 
achieved his primary aim, which is to present an adequate treat 
ment of the subject for a one-term course in mycology. For an 
introductory text, the book contains an unusual quantity of impor 
tant details. With the addition of supplementary reading assign 
ments, such as the references listed at the end of each chapter, the 
book could also be adapted for use in a two-term course. One of 
the most outstanding features of the book is the large number of 
illustrations, particularly the numerous life cycles illustrated with 
drawings selected from various research papers. It is noteworthy 
that the student is made aware of the more outstanding recent 
trends in the field of mycology. The writing is clear and not too 
technical, and the derivations of most of the technical terms are 


included. Also there is a very useful glossary of mycological terms 


The system of classification followed by Dr. Alexopoulos is fairly 


conventional and demonstrates his cognizance of recent trends in 
taxonomic research. It is commendable that the author has seen 


fit to include a chapter on the bacteria and actinomycetes, particu 
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larly in view of the fact that it 1s becoming increasingly difficult to 


draw a sharp line of demarcation between these organisms and the 
fungi. .\lso included are the slime molds. The Fungi Imperfecti, 
an mmportant group of organisms frequently neglected in myco 
logical texts, are given adequate treatment. The Phycomycetes 
are placed in three main series—Uniflagellatae, Biflagellatae, and 
\planatae—-with emphasis upon flagella, as advocated by Sparrow 
and by Warling. The Ascomycetes are treated in two sub-classes 
the Protoascomycetes, including the [Endomycetales and Taphri 
nales, and the /uascomycetes, including the Aspergillales, Myrian 
wiales, lerysiphales, Laboulbeniales, Sphaeriales, Hypocreales, 
Microthyriales, Dothidiales, Pseudosphaeriales, Hysteriales, Ostro 
pales, Helotiales, Pezizales, and Tuberales. The I:rysiphales are 
placed in the Pyrenomycetes, rather than in the Plectomycetes, 
because of the regular arrangement of asci in the cleistothecium 
he \l veosphaerellaceae and Pleosporaceae are included in the 
Pseudophaeriales, and the Phyllachoraceae are discussed under the 
Sphaeriales. The Basidiomycetes are divided into the two sub 
classes: Hemibasidiomycetes, including the Dacrymycetales, Trem 
ellales, \uriculariales, Uredinales, and Ustilaginales, and the Holo 
basidiomycetes, which are divided into the conventional two se 
ries, Ilymenomycetes and Gasteromycetes. All seven families of 
Ifymenomycetes are placed in the single order, Agaricales, while 
the Gasteromycetes are divided into tive orders. Throughout the 
text there are keys to the major groups (not including genera ) 
of fungi 

Phere are some mistakes, most of which are not of a very serious 
nature. On more than one occasion it is stated that meiosis occurs 
in the first division of the zvgote nucleus; whereas, two divisions 
are required for the completion of this process. If all of Blakes 
lee’s investigations on sexual reproduction in the mucors are taken 
into consideration, it is very unlikely that one can conclude that 
Blakeslee regarded heterothallism as representing a true segrega 
tion of “sexes” in different thalli. Furthermore, it appears that 
most writers of mycological texts are unaware of a paper by 
Kohler, published in 1935, and one by Sjowall, which appeared in 


1946, that offer an explanation for the occurrence of sporangio 


spores of only one compatibility type in a single zygosporangium 
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ot certain heterothallic mucors \lso, the coenzygotes of Rj 
copus nigricans have now been germinated (by Syjowall) and 
the life cyele has been demonstrated to resemble that of Mucor 
mucedo. In the discussion of the yeasts, it is unfortunate that the 
old concept of Wager and Peniston regarding the structure of the 
yeast nucleus is perpetuated, in view of the overwhelming recent 
evidence against it. It is erroneously stated that the heterokaryotic 
condition in Neurospora sitophila, with respect to mating types, 
may arise normally through hyphal fusions, and there are some dis 
crepancies in the description of aeciospore formation in the rusts 

However, the mention of these errors should not be allowed to 
detract from the overall value of the book. It is a text which has 
long been needed for the teaching of a one-term course in mycology, 
and it has many important features which make it useful to more 


advanced students as well... S. Onrivi 


LABORATORY MANUAL FOR INTRODUCTORY MycoLocy, by C. | 


\lexopoulos and FE. S. Beneke. 177 pp., 95 figs. Burgess Pub 


lishing Co., Minneapolis. 1952. Price, $3.25 

While primarily intended to be used in connection with the 
Alexopoulos or the Bessey text, this is suitable for general use 
A brief introduction discusses preparation of temporary and pet 
manent mounts, collection and preservation of fungi and culture 
methods. ‘This is followed by a concise outline of the classification 
adopted, the principal divisions recognized being the bacteria, the 
slime molds and the true fungi. The exercises are not numbered 
and since the genera mentioned are for the most part those which 
are common and available in temperate regions generally, the in 
structor may use discreet selection of material to be studied. lkach 
section is followed by a brief glossary and a selected list of special 
references. Few students will study all the genera mentioned but 
any who study a fair sample cannot fail to acquire a basic knowl 
edge of the significant features of the major groups of fungi and 
an impression of the wide variability of the organisms included in 


that category G. W. M 








MANUSCRIPT 


Publication in MYCOLOGIA is ordinarily restricted to members of the Myco- 
logical Society of America. Exceptions to this regulation require a favorable vote 
by a majority of the Editorial Board. When a paper has two or more authors, the 
person submitting the paper is expected to be a member. 


Papers should be submitted in duplicate, typwritten and double-zpaced throughout, 
to any member of the Editorial Board, preferably to that member most familiar with 
the subject matter. Papers will be published in the approximate order of their 
acceptance, except for the address of the retiring President and papers whose cost of 
publication is paid by the authors, the latter run as excess pagination. 


All illustrations should be numbered consecutively throughout a paper, using 
arabic numbers and small letters for subdivisions, ¢.g., Fig. 1, a etc. This does not 
mean that all figures grouped for convenience on a single page need have a single 
number. Figures should be prepared so that, when reduced, the width will not 
exceed 4 inches, and should be short enough to permit the insertion of the legend 
beneath the figures. Each article will be restricted to twenty-five pages, including 
illustrations, except when authors submit only one paper in two or three years of 
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Ruled tabular matter is counted double. Should an author wish to publish additional 
pages in one article he may do so by paying for the excess pages at current rates. 


Citations of literature should be double-spaced, arranged in alphabetical order and 
cited by numbers. In citing papers with two or more authors, only the first author 
should have the initials after the surname. The address of the author should appear 
at the end of the text, before the bibliography. 

Each author will be restricted to two pages of half-tone illustrations for each 
article, or their equivalent (the cost of each being approximately $9.25). Should 
the author submit illustrations for which the cost of cuts exceeds that amount, he will 
be asked to bear the excess cost of the cuts in addition to excess pages. 


To comply with the International Rules, it is recommended that contributors fur- 
nish brief Latin diagnoses of all new species and genera when their manuscript is 
submitted for publication. 
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